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what there is about a seat belt. configuration that will cause

- most people to object to wearing it.

b. Mockup studies proved that it is possible to design
a practical restraint system configuration that not only will
fit 90 percent of the user population properly but that this
can be done within the present hardware-vehlcle state-of- the-
art.

c. System comparison tests demonstrated that the
proposed optimized restraint system design created during the
mockup studies was significantly favored by test subjects - :
over other vehicle- restralnt system typ1ca1 of 1974, automoblles._

: d. 'Although the experimental semi- pas31ve restraint
systems have certain good points relative to user acceptance,
these still do not out-rank the proposed optlmlzed system using

a standard three- p01nt system.

However, the specific passive systems tested did not . -
include several other proposed systems, i.e., the systems
used in the current evaluation were two versions of passive
belt systems available at the time of the test. MFI's
literature review identified numerous other passive systems
(not air bag) that have never been implemented and evaluated.
Due to current interest in the possible favorable reaction
of the public to system that do not require overt effort
in donning it may be unwise to rule out such systems alto-
gether -just because two specific samples did not turn out
to compare favorably with the present, optimized three-point
belt system.

e. A more general conclusion regarding the total study

findings is that it can be observed almost without exception

that auto body style is established with little regard to its’
impact or constraint on effective restraint system design and
installation. Because of this restraint systems are viewed ' -

by designers as "add ons", and they are therefore attached

and arranged to fit the car, not the occupants. The errors

are so common that MFI's researchers could tell whether a belt
system was going to fit badly almost immediately by visual
inspection even before trying on the belts. When mistakes

vi
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EXECUTIVE SUMMARY

A study was undertaken to examine the p0331ble causes

"of lack of auto seat belt use because of belt-use confusion,

inconvenience and/or discomfort. Previous user surveys had
indicated that many people give as the reason for not using

. . seat belts the fact that they are too uncomfortable and that
'.they are dlfficult to put on and take off.

‘The study consisted of several phases inéluding the

a.‘ therature survey to determlne the state -of-the-

_'~iart in seat belt de51gn and why people seem to av01d using
' useat belts.‘ .

b; A prelimlnary user survey to try to 1dent1fy in

y f;more detail why people find _seat belt systems 1nconven1ent
- and: uncomfortable._”

: ¢. A new car survey to learn more about how current
seat belt systems are designed and installed and to discover
if there are new developments that might be better than the

"T::current state-of~-the-art.

'd. A series of laboratory. studies to see if it was

o p0551b1e to create a more suitable seat belt system.

‘e. Based on the laboratory results, a proposed

_,optlmlzed system was designed and installed in two vehicles,
one with bucket seats, the other with bench seats.

f. The two optlmlzed seat- belted vehicles were
tested, comparing them to four other 1974 cars and thelr own
restraint systems, to see if the optimized system was judged
by typical users to be more acceptable from the standpoint of

convenience and comfort.

Conclusions 1ndicate that:

a. De81gn related reasons were evident from the

initial" analyses, 1 e., it was possible to state falrly clearly_
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are this apparent one can only conclude that some design

- control must be required in order to gain the attention of
“designers.

As a result of the foregoing it is recommended that:

- a. Specific operational requlrements deallng with

belt -type seat restraint system "fit should be made to FMVSS 208

in order that future seat belts will be more acceptable and

. therefore remove excuses for lack of use based on confusion,

inconvenience and discomfort. The recommended amendments pro- |
vided in this report should be used as the basis for revising
FMVSS 208. The geometric and dimensional criteria should be

.- applied to any future belt-type systems also, since the factors
- that annoy the user relate directly to "fit",

b. It is recommended that other passive (non air bag)

;rsystems be 1nvest1gated in more detail to determine if an
~alternate passive system concept might be acceptable to the

majority of consumers =-- in addition to the obvious advantages
MFI found for handicapped people. Such a study should include

. - the fabrication and evaluation of potentially acceptable system
or systems using the general methodology developed for the
current study :

c. It is recommended that additional study be made

of restraint system requirements for the other occupant positions
“where currently there are no upper torso restraint capabilities.
" 'Other occupants have the same right to protection regardless

of the apathy of some people regarding use of seat belts.
Although the current fit criteria would obviously apply to
other occupant positions and systems, little sincere effort
has been given to this problem, espe01ally in terms of feasi-

blllty, practicality and cost.

vii

e sk e an e o

it A S s g g



Man Fabtors, Inc. MFI 74-108
San Diego, California . -

CONTENTS

Page

1.0 INTRODUCTION. .. cvveevnnnnsnonuacssasancoinncaa 1 .
1.1 Objective of the Study............ Cetiecenn e 3
1.2 ~ Approach.. B evesssasane . &

1.2.1  Literature Research. A

1.2.2 USET SUIVEY . e v verernnenesonenononeesnnoannnsas 5
1.2.3. Laboratory MocKup......s.ecu... e ceeeeaane 5
1.2.4 Automobile SUrvVeY..veeeiiritiesnarencesananses 5
1.2.5 Comparative System Evaluatlon Tests....,,..... 6
2.0 STATE OF THE ART seseensanns ceenen ceseessassane 7
2.1 Development of Use- Inducement Techniques...... 7
2.1.1 Advertising.. ceeenens eee e D K¢
- 2.1.2 . legal Requlrements........;.........:....;;... 10
0 2.1.3 Reminders.......... A §
"2.1.4 - Passive Restraint Systems........c.o... feeeaes 13
. 2.1.5 ~Ignition Interlock.........c . iviviinnnn, eeees 16
2.1.6 "Improved Desigm....iviieiiernneinoenenernonananns 20
2:1.7 “Observatlons On Technlques To Induce Usage 21
.0 . EXECUTION AND RESULTS OF PRESENT STUDY A
o1 S Methodology...oivviiieniiiiiiioneerensonnnnaes 26
.2 Phase I - Literature Research........v.v.veuv. 26
.3 Phase II ~ User Opinion SUIVEY.....eeveeeeasas . 26

4 Phase III - Mockup Studies............... e 34
Ja.l Equipment......vovevveernnnes e heresesasanaaes . 34
A2 Test Subjects.v v ierineeenss e reeet e 38

4.3 Procedures...... et T 42
A CRESULES. .ttt et ettt it et et e et 43

5 Phase IV - New Car Evaluation................ . 50
5.1 Procedures.....iv.ivreiuinreionnnncennas eeeaneaes 51
5.2 = o PP 51
.6 ‘Phase V - Optimized-System TestsS.....covvuceaas 65
.6.1  Equipment...... ettt eei ettt 65
6,1.1 System A....... S et ttes ettt 66
6.1.2  System B.....iiiiiiiiiiiiiiiiiii ittt 68
6.1.3 System Co..onvv.n.. et te et e 68
6.1.4 System D.e..vvvevnvnnnnn L -1
6.1.5 System E... ... ittt ittt 70
.6.1.6 System F..... Y Ceeeses ettt 71

WWWWWWWWWWWWWLWWWwwww

ix



Man Factors, Inc. . ' MFI 74-168
San Diego, California _ e

Contents (antinued)

Test Subjects.......... A P
Procedures......... e ee e e P I e
The Main TeSt...eeeessoeeoonnneanasonaionsionss
ANCillary TeSES.:veeeereinsonsonecosnseinessens
Phase V ReSULES.eeteuereneensivaennnsaiioens
The Main Test....... e eeees e et e RS S
Ancillary Tests....oerieeiiniivinainadenin,
Conclus1ons and Recommendatlons..;};.}..;..};.

WWwwwlbbwww
N oo oo oo
TR LWLN

N =

N

PROPOSED MODIFICATIONS TO FEDERAL MOTORM"D
~ VEHICLE SAFETY STANDARDS NOS 208 and 209{1;..
General.......... s P PRI e

o

~ B
H

vt
N = O
O
-0
=
0
o
o
)
o
. O
.':S
NZ)
.

6.0 . NAMES, QUALIFICATIONS & PARTICIPATION OF
| 'RESEARCHERS.......ocooiuuinen. e e,

REFERENCE~BIBLiOGRAPHY;.;;....,;...;;... ......

APPENDIX Au'vuos e snnssenenneennennnns, e

. APPENDIX B........ P O
APPENDIX C........ e e e T
APPENDIX D..... F O S S e

~ APPENDIX E........... et B

Page

71

75

78
82

82 -
114 -

128

135 -
1.354 C

L4k

144 -
146

147

148 '

'L'EIUCPUJ3>
R el

75,

#

wr

LN

@y



).

Man Factors, Inc. MFI 74-108
San Diego, California :

Figure
Figure
Figure

Figure

Figure
Figure

Figure

Figure

Figure
Figure

Figure

Figure

Figure

Figure

Figure:

10

11
12
13
14

15

-

xi

FIGURES
Page

Mockup Seat With Dimensions................ 35

Five Buckle Designs Cbmpared.,.... ...... oo 37

Buckle Push-button Evaluation......... e 39

Geometric Requirements for Seat Belt-

Shoulder Harness Assembly and Installation

to Insure Proper Fit for Passenger

Population Ranging From 5% 7-tile Female

Through 95% %-tile Male........... eeeaeeee 44

Webbing Geometry Optimization.............. 46

VW Experimental Passive Restraint System... 57

American Safety and General Motors

Experimental, Semi-Passive Systems......... 58

Seat Belt'Systems to be Evaluated in MFI

TeSESe i eiensevososnsnsanscnens ceeesas ceeeae 67

Slip Ring Discomfort........... v |

Belt Falling Out Door.....ccvvveen veeoeaass 98

Mean Scores Of All Questions and All

Subjects For Each System..........cco0cuven 102

Total Number Of Times Each System Was

Preferred In Pair Comparison Tests........ . 105

Means of Subject-Ascribed Ranks For Each

Of The Six Seat-Belt Systems............... 110

Mean Scores of Female and Male Subjects

For All Questions On Each System........... 115
" Robust Female Problem Fit..Q.;...,..’ ....... 122



Man Factors, Inc.
San Diego, California

Table

Table.

Table

Table

Table

.Tabie

Table

Table

Table

Table

10

PR N

MFI 74-108

TABLES

Reasons Why Drlvers in Equlpped Cars Never
Wear Shoulder Harness........ﬁ......... ..... e

. Summary of Reported Use of Seat Belt In
Rental Cars With and Without Remlnder
SYStemM. . veereesoieasonecscansssinnsans I

.Coﬁparison‘oleelt»Use'in 1973 Automobiles
Equipped With Buzzer-Light Systems and 1974
- Automobiles Equipped With Interlock Systems...

SUmmary of Reported Use of Seat Belt In

Rental Cars With and Without Starter -
.Interlock System.},,,.....,, ............. e

Summary of Reported Use of Seat Belt in Cars
With and Without Lap Belt With Integral -

N Shoulder Harness on an Emergency Retractor....

Summary of Reported-Use of_Seat Belt in Cars
With Four Different Types of Seat Belt
System Conflguratlons...; ................ ceden

Means and Ranges of Ages, Welghts, ‘and
Statures of Respondents to Opinion Survey...

The Means of Ages, Weights, and Statures of
Subject Samples in Four Phases of the Present
Study and Four Previous Studies...............

~Lap Belt and Shoulder Harness Usage Rates»l

Among MFI Survey Respondents............... ee

Proportion of Yes/No Responses to Questions
Concerning Specific Experiences With Problems
of Discomfort, Confusion, and Inconvenience

With Pre-1974 Seat Belt Systems........... ceen

xii

Page

14

18

23
25
28

29

30

32

“y



ke

!

Man Factors, Inc. ‘ MFI 74-108
San Diego, California

Table

TaBle

Table

Table

Table

Table

‘ Table

Table

Table

Table

Table

Table

Table

11

12

13

14

14

Supplement .

15
16
17

18

19

20

21

22

Tables (Continued)

Some Characteristics of Test Subjects

Participating in Phase III............ feveees ’

‘Buckle Type/Position Prefefence‘Study;;...;;;;.

'Push Button Shape/Force Study Results.....,...

Some Characterlstlcs Of 27 Standard 1974 Seat

Belt Systems and 3 Passive Belt Systems.......

Summary of Seat Belt Systems Evaluatlons By

'Automoblle Model........... et aeeee s Ceeeen

Disadvantages and Advantages of Three

Different Types of Actuators.........cceveeenn.

Some Characterlstlcs Of Test Subjects
Partlclpatlng in Phase V....ieiivetinneeionnns

Example of Belt-System Pair Comparison ,
Sequences For First Seven of 24 Subjects......

Means of All Scores For All Subjects’
Responses to Each of 25 Questions......... oo

Systems For Which Differences Between Mean
Scores For Each Question Were or Were Not
Significant,....f.“..........................,

Problems Identified According to Set Number

and Question Number..........cciiiiiiiiiaanns
Problems Identified According to System.......
Mean Scores Of All Questions and All Subjects

For Each System and Differences Between
Systems ........... 9 2 0 0 2.0 0 8 0 0 0 0659 00 0 00006000000

xiii

49
53
55
63

74

84

86

91

99



Man Factors, Inc.: MFI 74-108

San Diego,

Table

Table

Table
Table

Table

'Table

24

California

Tables (Continued)

Matrix Showing'The Frequency Distribution
of Selections Made Among Six Seat-Belt

_Systems By 24 Test- SubJects in Palr

Comparlson TeStS- ® s s 0 0000 s0s 0000 $:00 00 1‘.--'; o.n‘.

Frequency Dlstrlbutlon ‘of Highest’ Rank- Order

- "Positions for Each of the Six Seat Belt

25
" of the SlX Seat-Belt Systems.; ..... ,..r..,...}

26

27

28

29

29

Supplement

Table

Tabie

30

31

Selections of Seat-Belt Systems by Two .

Systems ooooo o"'ocvoo-_oonono,-coo ...... voo,occ'-.-poo

Means of SubJect Ascrlbed Ranks for Each

‘Mean Scores Of rcmale and Male SubJects For

All Questlone oti Each System..;.,...,f.{...r;.

Problems Identltled by SubJects Hav1ng

Spec1al Characterlstlcs..,.;:».....,....{;a.;p

Pair Comparlson Preferences and Rank Grder“
Handicapped SubJects cesenenes ........;,.;.
Pair Comparison Preferences and Rank Order -
Selections of Six Seat Belt Systems by Four

Subjects Wearing Summer and Winter Clothing..

Summary of Pair Comparison Preferences in

Mean Tlmes For Dofflng Seat Belt and Ex1t1ng

From Vehicle.. .o i it eneeneeeonns e e e e en e

Mean Scores of Shortest and Tallest Female:
and Male Subjects for all Questlons on all
Systems....; ....................... e iieeseenn

xXiv

Page

106

5108[], 
111

116

‘:m:-

g

oo

e
. 125

Ancillary Tests........ e ...;..;.;;_126

129

&



e

Man Factors, Inc. : MFI 74-108
San Diego, California '

1.0 - INTRODUCTION

Seat belts are installed in automobiles to save lives
and reduce injuries. Indeed there is ample evidence that firmly
establishes the fact that in the event of an accident vehicle

‘occupants who are wearing seat belts have a much lower probabil-

ity of being killed or injured than occupants who are not
wearing seat belts, Yet only a small proportion of automobile
passengers and drivers wear their seat belts. Why? '

Ignorance of the benefits of seat belts certainly is
not a major factor. Most people believe that wearing belts
lessens the chance of their being a casualty in an automobile
accident. There is, of course, a minority of people who feel
that any actual or implied requirement to wear a seat belt is'
an intolerable infringement of their personal freedom '

'However the maJor reason for not wearing a belt is
that it involves too much trouble. Regardless of whether they
blame themselves as being "too lazy" or put the blame on the
belt system design as too inconvenient, uncomfortable, or
confusing, it is the bother of donnlng, wearing, and dofflng
a belt system that dissuades most people.

Various approaches have been taken in attempting to
increase seat belt usage among automobile occupants. Attempts
to make people use belts despite their reluctance to do so
have taken the form of legislated enforcement of belt wearing
(particularly in Australia) and the installation of a starter
interlock system (that prevents the car from being started until
occupants have donned their belts).

A less severe épproach involves the use of a buzzer
and light that come on to remind the forgetful occupant to don
the seat belt before the automobile gets underway. This system
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also has been used in conjunction w1th the starter interlock
system.

One way to reduce the low usage rate is, of course,
to design a system that requires no effort on the part of
the occupant to use it. The air bag system is one such system
since it remains in its stowed condition until activated by
vehicle impact, at which time the bags inflate to absorb the
impact of the occupants-

Systems that involve no active role on'the part of
the occupant are termed "passive. systems." In addition to: the
“air: bag other passive systems are available or under develop-
ment. There are several types of passive system in which the
lap belt and shoulder harness wrap around the occupant auto-
matlcally Some systems require the occupant to perform a
minimum of action for donnlng and dofflng, these are referred
to as "sem1 pa331ve systems "

There is st111 another approach to inducing automoblle_:‘

occupants to use their seat belts. This approach involves
improving the design of the standard or "non-passive" seat

belt systems in such a say as to Virtually‘eliminate‘any objec-
tions to wearing them. Such improvements are directed specifi-.  *
cally toward the factors that previously have deterred occupants . .

from using seat belts. This approach attempts to eliminate or
minimize elements in the system that cause inconvenience, dis-
comfort, or confusion. The 1974 system with its integral lap.
belt and shoulder harness and with the introduction of the
emergency retractor represents. this design improvement approach.

0f the various approaches just cited this study is
primarily concerned with the last. That is, the major effort
0f this research program has been to determine the sources of
discomfort and inconvenience in standard seat belt systems,
especially the 1974 system, and to develop improvements that
will remove or alleviate them.

The present study also seeks to evaluate some rep-
resentative configurations of the semi-passive belt system.
However, other passive systems such as the air bag are not
considered.

2
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Nor have those aspects of the 1974 system that in-
volve other approaches to increase belt usage, such as the
in this research.

starter interlock or buzzer light remlnders, been included
1.1

Objective of the Study

.

As indicated by the title, the objective of this
study is to determine the "sources and remedies for restraint
system discomfort and inconvenience."

of objective requires qualification.

Such a broad statement
As indicated in the
previous section the types of restraint systems to be com-
sidered are limited primarily to standard seat belt systems
‘with some attention paid to several types of passive (or
semi-passive) seat belt systems.

Further qualification of the overall objective re-
quires some elaboration of sub-objectives.

mine the sources and remedies of discomfort and inconvenience
ted: :

In order to deter-
in restraint systems the following sub -objectives were adop-
L.

systems.

Identify specific user complaints about seat belt
2.

by respondents

Determine relative importance of complaints in
affecting non-usage of seat belts as interpreted
3.

Determine relative importance of complaints by the
relative frequency of their occurrance.
&,

Identify design features in seat belt systems that
are primarily respon31ble for the most prominent
complaints. -

‘systems.

Obtain usage rates for various types of seat belt
6.

Identify the distinctive features of seat belt systems
associated with especially high or especially low
usage rates.

e
W
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7. Develop corrections for the design features deter-
mined to have a negatlve effect on belt usage -
rates.

8. Fabricate a recommended seat belt configuration for :
preliminary evaluation.

9. Carry out prellmlnary evaluatlon and report resulting
data and conclusions.

And finally, in order to apply the information derlved
from the accomplishment of these sub-objectives: Prepare
recommended standards and/or practices formulated for possible’
incorporation into Federal Motor Vehicle Safety Standards -

208 and 209.

1.2'_ Aggroach

The. approach adopted for accompllshlng the overall
study obJectlve involved the follow1ng flve different method-
ologies: - : : :

1. Literature Research‘
2. User Survey
3. Automobile Survey
4.,.. Laboratory Mdckup S.tudies
5. ComparatiVe Evaluative Tests
1.2.1 Literature Research
‘At the outset a search was made through a wide variety
of documents for information relevant to the study. The three
primary areas of interest were: '
1. State of the art, including an interest not only in
the currently available variations in seat belt design,

but also the evolutionary developments of the past
and the proposed concepts of the future;

4
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2. Usage rates, that is, indicators of the proportion of
various segments of the .automobile-using public who
use the various types of seat belt configurations
'under various conditions; and

3. User attitudes, that is, the attitudes of automobile
users, both drivers and passengers, toward various
seat belt systems.

e

V¢'1;2.2 User Survey

This survey was carried out among 168 respondents
who were administered a special questionnaire designed to
elicit specific data, some of which was not avallable in the
literature. In-depth probing as to why seat belts were not
used by drivers and passengers was a special feature of the
automobile user survey.

-+ 1.2.3 Laboratory MbckUp

In the laboratory-mockup phase of the study MFI

' researchers had the first opportunity to introduce design
modifications based on data obtained in the previous phases.
The mockup included a representative car seat and provisions
for setting up innumerable anchor point positions for retractors.
Using test subjects having a wide range of anthropometric

. characteristics plus other differences (e.g., physical handi-
caps, mentally retarded, wearing police weapons and other
equipment, etc. ), various types of retractors, buckles, and
general system configurations as ‘well as belt geometries were
evaluated.

1.2.4 Automobile Survey \

- ' ‘ In order to acquire first-hand experience with the
current state of the art, seat belt systems in more than
thirty 1974 vehicles were inspected in detail and a number
of pre-1974 models also checked. In addition to providing
‘familiarization with the design of various types of seat belt
systems the automobile survey also allowed a comparative
evaluation of the "fit" of the different systems on test sub-
jects representative of segments. of the population more apt to
experience difficulties, such as the fifth percentile female.
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1.2.5 Comparative System Evaluation Tests

Based on results from previous phases of the research
a seat-belt system incorporating the design features necessary
to minimize inconvenience and discomfort was developed. This
special system was tested along with five other systems, some
experimental, others standard, but all mounted in actual auto-

mobiles.  The test consisted of evaluations made by 24 selected‘

subjects on each of the six systems plus a complete series of

“y”palr comparlsons and rank orderlngs.

The results of these flve methodologlcal approaches o

provided the recommended practlces and/or standards proposed

for con31deratlon and incorporatlon into the FMVSS 208 and 209 N

1Y
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2.0 STATE OF THE ART

' The state of the art referred to is not that related
to the strength or restraining capabilities of seat belt systems
but, rather, to methods of getting people to use their seat belts.
We will refer to such methods as '"use- 1nducement}techn;ques," .

2.1 Devélbgment of Use-Inducement Techhiqués

~ Lap belts for automobiles first became available
in 1955 as optional or self-installed equipment. In 1964
they became standard equipment. In 1968 lap belt and shoulder
harness for the outboard front seat occupants became standard
~equipment in all automobiles sold in the U.S. (Barnes,: 1972,
p. 2). By 1972 two of every three cars registered in the United
States had lap belts and one of every two had lap belts and
shoulder harnesses in the front outboard pos1tlons (Johannessen
and. Yates, 1972, p. 3).

The'purpose of seat belts is, of course, to reduce
-injuries and fatalities of occupants of vehicles involved in
accidents. As stated earlier it has been irrefutably demon-
strated that seat belt systems, particularly those with shoulder
.harnéSses'in.the_front outboard positions (where 85% of the

- fatalities in car crashes occur), are very effective in pro-
'tectlng the wearer in a crash (Bohlin, 1967; Nelson, 1972;
Johannessen and Yates, 1972, p. 3). Moreover people believe
that seat belts are effective, with about 90 percent of the
respondents in several studies indicating that they believed
seat belts saved lives or reduced the seriousness of injury
(e.g., Raeder and Kuziomko, 1968, pp. 3-4; Hlnkle and Dillon,
'1974, p. 28).

Nevertheless, despite the fact that seat belts con-
tribute significantly to safety, and in spite of the fact
that most people know this, a number of studies carried out
prior to 1974 indicate that a majority of drivers and :passengers
do not use seat belts. Research shows that lap belt usage
usually has been between 10 and 20 percent and lap belt and.
shoulder harness usage often less than 3 percent (Marzoni,
1971; Greenberg and Mayer, 1963; Raeder and Ku21omko, 1968;
Nelson, 1971; Fleischer, 1972).
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The most frequent reasons given for non-use of seat
belts include inconvenience, discomfort, laziness, forgetful-
ness, and fear of entrapment (Greenberg and Mayer, 1963; Colborne,
et al, 1968; Raeder and Kuziomko, '1968; and Waller and Barry, -
1969). According to one ‘study, "almost 70% of the respondents
gave bother and annoyance as their reason for non-use or only
partial use of their seat belts" (Greenberg and Mayer, 1963,

p. 3). This same study indicated that approx1mately 30% gave
entrapment, confinement, or constraint as reasons for non-use
of seat belts. ‘ - ' o

' fAnother study found that 25.2% of the respondents .
"indicated forgetfulneSs or carelessness and 21.5% indicated
discomfort or inconvenience as reasons for not using seat belts
.(Raeder and Kuziomko, 1968, p. 7). Reasons given by drivers
for not wearing. the shoulder harness in cars so equipped are -
shown in Table 1 (from ‘Marzoni, 1971, p. 56). It will be noted
that "never formed habit" occurs with the greatest frequency.
This is to a considerable extent probably due to the effects

of the other major reasons given, viz., confinement, discomfort,
inconvenience, and laziness. One study has shown that once

 the habit of wearing seat belts is acquired through response

to special incentives, it often is retained even when those
‘incentivea_are removed - (Perel and Ziegler, 1971).

| Since seat belts continue to be installed in cars

and since they do reduce death and injury when used, what
techniques can be employed to induce reluctant c¢ar -occupants’
to wear belts? At least six major methods have been employed
durlng the last decade w1th varylng success. These are:’

1. Advertlslng

2. Legal requirements

‘3. Reminders

4. Passive restraints

5. Starter interlock

6. Improved design

'
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Reasons Why Drivers in Equipped Cars Never Wear Shoulder Harness

Table 1

MFI 74-108

NeVer formed hebit

26

Too confining 24
Not comfortablej 1mproper f1t 17
Inconvenlent, nuisance 11
Too lazy; don take tlme/trouble 10 -
Doubt Value as safety measure_ 9
Not necessary for short/local trips 7
Belt and harness duplicate one

another = ‘ . 6
Poor design, englneering, construc- -

tion features- : , -5
Exposure to accident where harness _

was detrimental 1
Not necessary for . travel at lower '

speeds SRR
(Percentages add to more than 100% due to
multiple responses)

From Marzoni, 1971, p. 56
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2.1.1 Advertising

Even before lap belts were made standard equipment in

1964 numerous advertising campaigns were mounted to persuade
people to purchase, install, and use lap belts. However some

- five years after lap belts first came on the market less than
5% of private vehicles were equlpped with them, and less than
30% of the occupants of such vehicles used the belts (Tourin
and Garrett, 1960). At that time one study found that an
appeal to the masculinity of the potential purchaser (i.e.,
showing that professional racing drivers used seat belts) was
found to be more successful than scare tactics (Blomgran and:
Scheuneman, 1961) ' :

_ There was a bellef among 737 . of dr1v1ng respondents
~in one study that public service announcements on radio and TV
have helped others to wear their seat belts. But over half
of these claim that such advertlslng has had no effect on them
(Marzonl, 1971). :

. Other research has shown that in California
an intensive campaign of radio and TV public service announce-
. ments professionally designed to increase seat belt usage had
" no significant effect (Flelscher, 1973) - On the other hand,
in Britain, a multi-media approach (i.e., broadcast, press,
. seminars, meetlngs, posters, etc. ) increased usage of seat
‘belts among drivers from 16% to 29% (Morrls, 1972).

: - Nevertheless advertising probably will remain a
relatively ineffective technique in the United States. As
one authority has commented: "Although intensive multi-media.
campaigns may resuit in a doubling or trebling of safety belt
. ‘use over current levels (10-15%), it is unlikely that voluntary
_~"use of safety belts will increase substantially, say beyond
'50%, without major changes in vehicle configuration or legal
requirements." (Fleischer, 1973, p. 11).

" - 2.1.2 Legal Requirements
In Australia seat belt usage became compulsory in the

State of Victoria in December 1970 and throughout the rest of
- the country by January 1972. In New South Wales seat belt usage

10
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increased from 25% before legislation to 75% shortly after the
law was passed (Henderson, 1972). A similar change in usage
rate occurred in Victoria (Andreassend, 1972)

So far as we know at present the only community in
the United States that has enacted legislation making the use
~of seat belts mandatory is the town of Brooklyn, Ohio. One
report indicates that the result has been a 50 to 70% increase
in the use of seat belts (Pulley, 1972).

: A law requiring the use of seat belts in automobiles
has been passed in Puerto Rico, and at least ten State legls-
latures currently are considering such a law. Proposed revisions
to the Highway Safety Standards include a requirement that
each State enact legislation enforcing the use of seat belts
(Federal Register, 1972). It is unlikely, however, that the
U.S. Congress will pass such a law in the near future since
apparently Americans are not in favor of being legally obliged
to wear seat belts. In Australia a public opinion poll showed
that over 75% agreed with the compulsory belt-use legislation
(Vulcan, 1972), whereas one survey in the U.S. found that only
about 35% of the respondents believed that a federal law should
require seat belt use, while 437 were opposed to such a legal
requirement (Raeder and Kuziomko, 1968). In another study,

7% of the 1576 respondents indicated that they did not feel
that legislation requiring the use of seat belts should be
passed (Barmes, 1972). :

2.1.3- Reminders

As of January 1, 1972 all automobiles manufactured
for sale in the United States were obliged by Federal Motor
Vehicle Safety Standard 208 to have a warning system consisting
of a buzzer and light to remind front seat occupants to fasten
- their lap belts. As noted above, forgetfulness was cited as
a major reason for not using seat belts. Results of a prelim-

inary study on fleet cars of a service organization tend to
~ indicate that reminders do have an appreciable effect on seat
belt usage, which increased from 25.5% to 68.4% (Blntz, et al,
1974). '

11
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Before the advent of reminder systems as standard
equipment a Ford-sponsored study first selected test subjects
who reported that they seldom used belts. They then had them
drive test cars with reminders installed for thirty days. Sub-
sequent to this exposure to the reminders, in one test 56%,
and in another 767% of the subjects reported that they used
the ‘belts "almost always" or "more than half the time" (Shaw, .
1971a). :

A General Motors study reported that visual 1nspectlon :

‘of drlvers showed that 43% of drivers in cars with reminder : -

systems were wearing seat belts compared to 19% in cars without
the system (Referenced in Cohen and Brown, 1973, p. 5). Another
study indicated that there was a 54% usage rate in cars having
the buzzer-light warning, compared with a 29% rate in 31m11ar
cars not hav1ng 1t (Ford Motor Company, 1972a).

However a study in whlch automoblle drivers were
observed while operating their vehicles found virtually no -
difference between seat belt usage in 1972 model vehicles that
had the remindér system (manufactured after January 1, 1972)
and those that did not (manufactured in the latter part of 1971),.

- the rates being 23% and 22% respectively (Robertson, 1974).
“An- Insurance Institute for ‘Highway Safety study found seat"

belt usage rate to be 18% in vehicles equipped with the buzzer—??V“w
light reminder system and 16% in non-equipped vehicles under
the same conditions (Reféerenced in Cohen and Brown, 1973, p. 6).

The discrepancies between the results of these studies
probably are due to various differences in the methodologies
employed. For example studies in which self-reporting of belt
usage is employed can be expected to show higher usage rates
than studies in which data were gathered by observation or
recording devices, as had been shown in research that used : -
both self-reporting and the more objective techniques on the B
same subjects (Cohen and Brown, 1973; Waller and Barry, 1969).

On the other hand the nature of the test-subject sample may
have an effect. Thus new car owners apparently are more prone
to wearing belts in response to the reminder system than are
owners who have had their cars for several months. One study
found that observed belt-usage rates in vehicles with reminders
tends to drop about 17% from the period when the car has been

™

~
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owned for one month to the period when it has been owned for
three months (Ford Motor Company, 1972b).

Most studies, however, show an increase in usage
rate with the reminder system. One of the more conclusive
demonstrations of this comes from the study conducted by
National Analysts using automobiles of rental _ar agencies in
Fayetteville, North Carolina. Without the drivers' knowledge,
counters recorded seat belt usage, and subsequent to the return
of the car the drivers were interviewed. A three-point belt .
system with detachable shoulder harness and without an inertia
reel retractor was the configuration tested with and without
a reminder system. According to the recording counters, without
the reminder belts were worn on 23% of the trips; with the
reminder they were worn on 517% of the trips, which represents
a statistically significant increase. Table 2 summarizes the
self-reported use of the seat belts, and it can be seen that
there is an increase in three of the four conditions when
reminders were involved (Cohen and Brown, 1973).

The question arises as to how comparable seat belt

~usage behavior in rental cars is to seat belt usage behavior

in personal cars. When the test subjects who used rental
vehicles with the reminder system were asked what sort of action
they would take if the system were installed on their personal
car, 59.6% said they would use it, 11.2% said tho2y would modify
it, and 29.8% said they would discomnect it (Cohen and Brown,

1973, p. 26).

2.1.4 Passive Restraint Systems

According to the Federal Motor Vehicle Safety Standard
208 a passive restraint system is on2 that meets crash protec-

~ tion requirements "by means that require no action by vehicle

occupants.” If the occupants had to do nothing to deploy or

‘remove a passive system this should satisfy such reasons for

not using belt systems as forgetfulness, laziness, and incon-
venience.’

Passive protection installed in cars was to become
mandatory for cars manufactured during the 1976 model year,
but this requirement has been postponed until the 1977 model
year.

13
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Table 2

Sﬁmmary of Reported Use of Seat Belt In Rental
. Cars With and Without Reminder System

Without | © . With'.
Reminder | Reminder

: System | ~__ System
#, { % # 0 %

Use ;_E belts on more than half 1 S
_ the trlps less than 25 mlles @f‘- 50 - 51.0 3f_l26 | 67.88

: UseflEE beltSfoh.more than halfff' o

‘the trips more than 25 miles _ 61| e3.6 | 148 |-76.3

Use shoulder belts on more than S . I B I
half the trlps less than 25 mlles 3 3.1 ) 13 7.0

Use shoulder belts on more than o o - '
half the trips more than 25 miles | 10 10.4 | 15 | 7.7

Based'on'dataiin Coheh:and.Brown,‘l9735 p. 22.

14
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This report will deal with passive systems in greater
detail in Section 3.6. At this point, however, we will be
concerned with passive systems only from the perspective of
their use as a method (one of the six we are considering) to
induce increased usage rates. But first it is necessary to
indicate that their are a number of different types of passive
systems. One comprehensive study has categorized passive -

systems into seven classes with over 40 subclasses and types

(Phillips, 1973). However there are only two major types of
passive restraint system that have been in use outside of

~strictly experimental 1nstallatlons, namely, the air bag, and _

the pa551ve seat belt systems..

‘ ~In the air bag system the compact bag located in front
of occupants is inflated ‘during vehicle impact, absorbing the
force -of the rapidly. deceleratlng occupant. Effective January 1,
1972 air bags became a legally acceptable substitute for seat
belts and the buzzer-light reminder system and, subsequently, )

- for the ignition’ interlock system, However. the ‘number of

vehicles sold with this system amounts to only a few thousand,

- and many of those were sold to’ corporate fleets for field
testlng

. One study found that 59% of 1ts respondents knew SO
llttle about the air bag system that they could not express an
opinion about it. Of the rest, 69% had generally favorable
comments on the- system (Marzonl, 1971)

: - In the'preceding study, no basis of comparison was
made with any other system and the respondents were expressing
general attitudes toward air bags without reference to, say,
seat belts. In another study, however, respondents were re-
quired to make a choice between the air bag system and other
systems. Conducted in 1971, this study -involving over 500 test
subjects who were owners of 1968 model or newer cars found that
in initial preferences, 40% of the respondents indicated a
preference for seat belts (i.e., of the standard non-passive
type), 19% indicated a preference for air bags and the rest
made other choices.” After the test subjects had witnessed
filmed demonstrations of the various. systems the indicated
preferences shifted to 82% for seat belts and 5% for air bags
(Baxter, 1972).

15
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In a study carried out in Michigan 84% of the 1576
respondents to a questionnaire indicated that they preferred
seat belts to air bags while only 5% 1nd1cated ‘that- they pre- .
ferred air bags (Barnes, 1972) . _

The results of these studies- suggest that air bags .

-“‘generaliy would not be acceptable to the Amerlcan dr1v1ng publle

_  The passive'system that has -received most atﬁentlon ‘
in the United States has been the air bag: In Europe most -

~attention has been .given to the passive seat: belt system. A
distinction is made between passive and semi-passive seat belt

;systems.f "A passive- system must deploy about the occupant upon

- ingress with no action-on hlS part...... A semi-passive system
must be stowed on the retalnlng hook....by the occupant upon
egress and removed from the hook upon 1ngress" (Johannessen '
and Yates, 1972, P 6) S SRS

One study showed that among 325 Swedlsh drlvers and
: front seat passengers there was general satisfaction with a’ f
passive seat belt system. In comparison with their own car

(T3

~ 74% of the respondents indicated- that the passive system wasiijjhfer,f

"very much better" and 16% indicated that it was "somewhat'

better." 'It should be noted that people who gave favorable . -

responses were to a significant degree users of cars w1thout L

retractor belts (Bohlln and Pllhall 1972)

' In one phase of the current study it was found that
15 out of 18 (83%) of a group of test subjects indicated their
preference for -a semi-passive ‘system over a standard 1974
(Vega) 'seat belt system after having tried both. -

2.1.5 Ignition Interlock

Apart from the few thousand cars furnished with air
bags all cars manufactured for sale in the United States. after
~ August- 15, 1973 have been outfitted with an electrical. ignition
interlock that prevents the car from being started until the

seat belts of all front seat occupants have been engaged. For

the two’ outboard front seat positions the system includes a
non-detachable lap/shoulder belt combination with an emergency
retractor on the shoulder belt.

16
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It is difficult to measure the effects of the inter- .

 lock system on seat belt usage since its implementation was

accompanied by a radical change in seat belt design which
could also be expected to have a modifying influence on the
seat belt usage rate, The problem is in the separation of the
effects of these two'simultaneously_introduced design changes.

Table 3 shows the seat belt usage rates observed in
1973 and 1974 vehicles in several east coast cities. The
investigator and author of the report states: "This study

- indicates that belt use was 1ncreased in urban areas by the
' 1ntroduct10n of the interlock system in 1974 vehicles" (Robertson,f,.

1974, p. 15). There is no doubt that the data indicate an
increase in the proportlon of people using seat belts in 1974
cars, but there is considerable doubt that this 1s attrlbutable
solely to the interlock system. ‘ '

| A number of studies have shown that the installation
of an ignition interlock system does indeed increase seat belt:
usage appreciably. One of the earliest of such research projects
was carried out in 1970 by NHTISA using GSA cars that had
‘specially-installed starter interlock systems. This study:
found that some 80% of the drivers indicated that the interlock

- system was acceptable (Perel and Ziegler, 1971). Several other -

studies found belt usage rates in cars having the starter

‘interlock system,ranglng.from about 60 to 90% (Shaw, 1971la;

1971b; Ford study referenced in Pulley, 1972, pp. 3-4; Ford
study and General Motors study referenced in Robertson, 1974,
pp. 15- 16) :

The Natlonal Analysts study (Cohen and Brown, 1973)
using rental cars in Fayettev1lle, North Carolina provides
some data showing the effects of belt usage rates of the inter-
lock system independent of other design changes. 1In one phase
of this study the usage rate was determined for a three-point
belt system with an integral shoulder harness on an emergency
retractor with a reminder system but without a starter inter-
lock system. In another phase the usage rate was determined

" for a belt system identical to the first except that it had a

starter interlock system. Table &4 presents a summary of results
of the reported use of seat belts under these two conditions.
It will be noted that the reported use is somewhat higher

17
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Table 3 -

AComparisonjbf Belt Use-in 1973 Autdmobilés: e
Equipped With Buzzer-Light Systems and 1974
- Automobiles Equipped With Interlock Systems

MFI 74-108 .

| Belt Use

1973 Models | . 1974 Models -
Buzzer-Light =~ | =~ Interlock-
Equipped | ~ Equip ed

‘Lap and Shoulder | 192 | 8 . -~ | = 267 | 44
g Lap';v oniy'

 Nome

Cofuese |73 | 287 | a7

.‘ N ) o/o. . N ‘. _%

s |19 | s2 |9

12,246 | 100 -~ | ~ev6 | 100 |

'Based on data in Robertsom, 1974, p. 7

18;
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Table 4
Summary of Reported Use of Seat Belt In Rental
Cars With and Wlthout Starter Interlock System
Without | With
Interlock |  Interlock
System- System
S % # %
'USe'lgg'beltS'on more than half | N
the trlps less than 25 miles o 149 | 72,7 | 62  83.8
‘-Use l;g belts on more than half R R IS R
“jthe trlps more- than 25 mlles o 136 | 75.2 51} 85.0

: e_Use shoulder belts on more than

:; half the trips less than 25 miles |

128 | 62.8

sg | 7804

e Use.shoulderfbelts on'mpre ‘than o
half the trips more than 25 miles

116 | 64.1

51 s |

" Based on‘data‘in Cohen and Brown,}l973; p. 22 ';,'.
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' for the interlock configuration, although the differences are
not statistically significant (Cohen and Brown, 1973).

The question again arises as to the comparability of
seat-belt usage behavior in rental cars with .seat-belt usage

" behavior in personal cars. When the, test subJects who used

"vrental vehicles with the starter interlock system were asked

what type of action they would take if this same system were

installed in their personal car, 47.7% said they would iise it,

18.9% said they would modify it, and 33.3% said they would
~disconnect it (Cohen and Brown, 1973, p. 26).

2.1.6 Improved_beSigh |

Loglcally if seat belt systems were de51gned spec1f1cally_’

. to satisfy the complaints of vehicle occupants who 1ndlcate they
do not wear seat belts because they are inconvenient or uncom-
fortable, the seat belt usage rate could be expected to increase.’
The 1974 seat belt system with its 1ntegral lap- belt/shoulder
harness conflguratlon and with the shoulder harness on an emer-
gency retractor does incorporate significant 1mprovtments de31gned
to reduce inconvenience and discomfort. Consequently these
design changes should induce more people to use ‘seat belts.

And indeed, as we have observed, research 1nd1cates that usage
rates have increased with seat belt systems in which these
design characteristics hav- been implemented. However as we
have also seen, in 1974 automobiles the introduction of improved
seat belt design was accompanied by the introduction of the
starter interlock system whlch makes 1it. dlfflcult to isolate

the effects of each dn seat b&lt usage. ¥ X ¢

Again, data from the National Analysts study (Cohen
~and Brown, 1973) is pertinent. In one phase rental cars were
outfitted with a three-point belt with a detachable shoulder
harness that was stowed by folding onto overhead hooks. This
system had a warning device but no starter interlock system
and was, therefore, similar to the seat belt system in 1972 and
1973 automoblles. % 5 @ & :
# * ¥ ﬁ 3
In another phase cars were furnished with a three-point
belt with an integral shoulder harness on an emergency retractor.
This system had a sequential warning system but no interlock

20
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system. The latter system was similar to the system installed
in 1974 cars in that it had the major design innovations in
the belt and retractor design. But it differed in not having
the starter interlock system. :

Table 5 shows the usage rates of these two systems.

| It can be seen that the 1974-type system had little effect RS

on the usage rate of lap belts, but the increase in the usage
rate of shoulder harnesses could be said to be spectacular.

2.1,7 Observations On Techniqﬁes'To Induce Usage

. We have considered six techniques for inducing seat:
belt usage. Of these advertising over radio and TV appeats

to be completely ineffective in the United States. It is
poss1ble that an intensive multi-media campaign might increase
seat belt usage somewhat, but it is doubtful if the change would
 be considerable or long lasting. The effects of a continuous
campaign eventually would wane and the expense involved probably
would result in this'method'having'a very low cost-effectiveness.

For the present and the near future, federal legis-
lation of mandatory seat belt usage appears unlikely since ap-
parently Americans tend to be against such an approach. Some
'state legislatures are considering such a law and at least one
“community (Brooklyn, Ohio) had already enacted a mandatory seat
belt usage law. But even if some states and more communities
do decide to implement this approach, most Americans for some
time to come will not be affected.

Of course a system that involved absolutely no effort
or discomfort on the part of the user would be ideal from a con-
venience point of view, but such a system may not be satisfactory
from a protection point of view. The extreme example of such a
system is a zero system, or no system at all. Some passive
systems may be very attractive in terms of comfort and con-
venience but fall short of meeting Federal Motor Vehicle Safety
Standards. At present this appears to be the case with some _
- of the passive seat belt systems evaluated by the public. How-
ever design improvements in the near future may make such systems
acceptable in terms of both convenience and protection.

21
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"Table 5 .

Summary of Reported Use of Seat Belt in Cars
With and Without Lap Belt With' Integral Shoulder

Harness on an Emergency Retractor N

-y . R T R . N R i LRy

- Without ~ With -
Shoulder - Shoulder
Harness Harness'
Retractor, | = Retractor,
 ete. . etc. -
# 1. % - # %
Use ;_R belts on more than half - D ) '
the trips 1ess than 25 mlles- | 126.f 67.8 | 149 72.7
| Use lap belts on more than half ‘_ o o
the trlps more than 25 mlles ' 1 148 76.3 136 ) 75.2
eUse shoulder belts on more than o
half’ ‘the trips less than 25 miles | 13| 7.0 | 128 62.8
Use shoulder belts on more than | . . |
. half the trips more than 25 miles | 15| = 7.7 116 64.1

'-Based-enxdata-in_Cbhen‘and Brown, 1973, p. 22.
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At present the air bag system meets Federal Motor
Vehicle Safety Standards for protection and its inconvenience
to the car occupant is minimal. Nevertheless drivers appear
to prefer the non-pass1ve seat belt system to air bags according .
to several oplnlon surveys.

‘The remaining three techniques for inducing belt
usage, i.e., reminders, starter interlock, and improved design
all have been incorporated in the 1974 seat belt system. As
- we have seen, research results relative to the effects of each
of these techniques on usage rates have been less than clear-
cut. In the case of reminders different studies have produced
different results. And in the case of the starter interlock
and improved seat belt de31gn 1t is dlfflcult to segregate
the effects of each

- The only research of which we are aware that allows
comparatlve evaluations of the usage rates obtained through the
same continued conditions on the major-seat belt configurations
from the pre-1972 to the 1974 systems. was the National Analyst
study (Cohen and Brown, 1973). A summary of some of the pertinent
results of this study is presented in Table 6. -The evidence ‘
of this and" other studies seems clear on one point: subsequent
to the lmplementatlon of these three inducemerit techniques
seat belt usage -~ especlally shoulder harness usage =~ has
increased considerably. :

‘The present study 1s, of course, concerned prlmarlly
with .the mattér of improved seat belt design, which’ addresses
itself directly to the reasons most frequently given as to
why seat belts are not used. Of the three techniques employed
in the 1974 system it is in seat belt design that the most effec-
tive inducement 1mprovements still can be made.

~ The objective of this study is to identify those

improvements in current seat belt design that w111 1nduce a
greater seat belt usage rate.
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3.0 EXECUTION AND RESULTS OF PRESENT STUDY v

. The present study was de31gned to determlne those
factors in seat-belt design that disuade usage because they
produce discomfort, inconvenience, and/or confusion. The -
interest of this study was limited to the belt systems alone,
and it did not investigate problems associated with related
equipment such as ignition lockouts and reminder buzzers.

The study was primarily concerned w1th seat belt
nsystems in 1974 model automobiles. It also 1nvest1gated ex-
perimental passive belt systems, however, and considered the
nature of the problems encountered in the usage of pre-1974 '
seat belt systems.-

'3.1' - Methodologz

A w1de range of investigative and enélﬁtic'techniques
was employed. 'These can be categorized into five major steps
or phases: (1) literature research (2) a user opinion survey;

- (3) mockup studies; (4) a new-car evaluatlon study, -and (5) op-
tlmlzed system tests.. : :

L 3.2 s'y,-Phase 1'-~Literature Research»"

- The literature research phase continued throughout
the entire study. Its function was to inform us of any'type
of discomfort and inconvenience problems that may have occurred
with any type of seat belt system, and to keep us abreast of. \
the latest research concerned with seat belt design and consumer
oplnlons and usage-rates. : %

The many references used in the previous and follow-
ing sections show the application of this phase of the study;
the bibliography lists the sources reviewed.

3.3 | Phase II - User Opinion Survey

During the period of August-October 1973 MFI conducted
an independent surVey among automobile®users, both drivers”and pas- -
sengers, to determine their opinions about various aspects. of
pre-1974 seat belt systems. The purpose of the survey was to
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elicit detailed, design-related information concerning belt-

system annoyances that could be identified with specific re-

straint system components or geometry since most previous

opinion data was too generalized to permit such identification.
After several pilot trials the special questiognnaire shown

~ in Appendix A was used.

The ‘questionnaire was administered to automobile
users in parking lots, .at shopping centers and business com-
plexes, to friends, relatives, and neighbors of MFI staff
members. as well as to other randomly selected test subjects.
No special effort was made to see that the subject sample con-
formed to any prescribed set of characteristics. The means
and ranges of age, weight, and stature of the 168 respondents .
to the. questlonnalres are given in Table 7.

‘As- shown in Table 8 the male sample tended to be
somewhat older and taller than males in the previous studies
shown. However all the means for the females queried in this °
study fall within the ranges of the means for the previous
‘studies. While the sample is reasonably representative of the
three characteristics it is unlikely that these. éharacterlstics
are any more relevant to the nature of the information being’
sought by ‘the questionnaire than a number of other character-
istics such as' educational background occupation, socio-
economic status, etc - ‘

' . As indicated, the purpose of the survey was to obtain
special information from automobile users, and so long as a
broad spectrum of types of users was contacted the nature of
the frequency distribution was unimportant. The intention

was not to compile another statistical analysis of complaints
but, rather, to provide additional insurance that one or more
previously undocumented reasons for not using seat belts --

the knowledge of which could contribute to 1mproved design --
has not been overlooked.

A characteristic of the subject sample that would
appear particularly relevant is seat belt usage rate. This
information is given in Table 9. A problem in domparing‘these
data with usage rates found in other studies is the multiplicity
of conditions and methods under which the material was obtained
and the numerous forms in which it was organized and presented.
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Table 7 - Means and Ranges of Ages, Welghts, and Statures of
Respondents to Oplnlon Survey ' - C .
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Age- I Vn . Weight . |~ N Stature

BTUIOJTITED) ‘0391Q ues

(yéars) ':- _f' i_;  (?ounds) - o (inches)

N * Mean ‘Range . | Mean | Range . Mean - Range

Males | 8 | 441 | 19-87 | . 17L.5 | 130-220 | . 71.0 |  63-75

8¢

Females 80 | 35.4. | 17-71 | 138.2 |  110-250 |  63.7 | = 60-67

Total | 168 40;0 | 17-87 | "155.7 | v 110-250 | 67.6 |  60-75
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Table 8

- The Means of:Ages, Wéights;zand Statures df,SubjgctASamples
in Four Phases of the Present Study and Four Previous Studies

TTuIoII1e) ‘0891q ues

Stoudt, 1969 (inéludéd;th studiés_and twoféubjéct_éamplés);

139

lWOodson, et al.,-197l;f2U,S. Depﬁ,‘of‘Health,'Educétion,.and Welfare, 1965;
- 3&4 o Lo . - ' o -

| MALES " FEMALES
Age " Weight 'Staﬁuré - | Age Weight Stature
E? N. | {(years) (pouqu). (inches) g - N- j(years) | (Pounds) | (inches)
D - e . - = e e - :
1 opinion Survey 88 | 44.1 171.5 |  71.0 80 | 35.4 138.2 63.7
& | |
+
1 &
@
112}
[}
H,
(7]
MFI 1971° 50 | 38.3 | 16l.1 | 68.2 40| 38.4 | 129.1 63.2
HEW’ 3000+ | ~--- 168 68.2 3000+ --- 142 63.0
poT> 509 | 38.0° | - 179.7 | 8.8 524 | 32.5 132.6 63.5
pot™ 50 | 29.1 | 166 | 69.2 50, | 31.7 63.7
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Table 9 - Lap Belt and Shoulder Harness Usage Rates
Among MFI Survey Respondents - '

LapiBelt o S Shoulder Hafnéss

Usag'e N bR Usage N , %

Always. 36 1 21 B 'AlwaYS 12 " 1{7

Sometimes 92, | 55 | Sometimeévj 12 I 7

_Never
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But the usage rates of these MFI respondents certainly fall
well within the ranges of those of other studies of pre-1974
cars, representative lap belt usages ranging between about 25%
and 79% and shoulder harness usages ranging between about

2.5% and 33% (Marzoni, 1971; Greenberg and Mayer, 1963; Raeder
and Kuziomko, 1968; Fleischer, 1972; 1973; Cohen and Brown,
1973; Robertson, et al, 1972). | |

Table 10 shows the proportion of yes/no responses
to questions- concerning specific experiences with problems of
discomfort; confusion and inconvenience with pre-1974 seat
belt systems. It will be noted that the greatest difficulties
occurred with: (l) belts from different seat positions becoming
entangled with one another; (2) the shoulder harness crossing
the chest area in such a way that it is annoying; (3) methods
for adjusting the length of the belts being difficult to under-
stand; (4) arranging belts properly for making the conmection
taking too much time; (5) confu31on as to whlch belts 80 to-
gether..,

It is 1nterest1ng that the three areas which seemed
to present no problem at all were related to the effects the
shoulder harness might have as it comes into contact with .
the user. This tends to emphasize the seriousness of the
second most important problem in the series, i.e., the shoulder
harness crossing the chest area or neck region in such a way
that it is annoying. :

As already indicated, only a very small proportion
of the respondents had really made use of the shoulder harness.
The majority of them solved the various shoulder harness problems
by avoiding them,” i.e., by not using the shoulder harness.

However the survey results turned out to be useful
in many ways. They tended to corroborate objectively several
theories that MFI had concerning anti-usage attitudes. For
example, we had considered that improper crossing of the chest
and neck area by the shoulder harness would be a major source

~of discomfort. This was clearly corroborated by survey results.

| Although the chest-crossing geometry of the shoulder
harness continues to be a problem in many 1974 seat belt systems,

31



'A%

Cannot tell which belts go together (confnsion)

Table 10 - Proportion of Yes/No.Responses to ‘Questions Concernlng'Speclflc
' * Experlences With Problems of Dlscomfort, Confusron, and Inconvenlence

Wlth Pre 1974 Seat Belt Systems

Responses (%)

_b'ers

Belts get tangled with3othervbelts.(confusion)

Shoulder harness crosses the chest area‘so_it is,annoying (discomfort)

Do not understand how to lengthen and how to shorten belts (confu31on)

It takes time gettlng belts properly arranged for connectlng (1ncon-i
~ venience) _ , .

Lap‘belt rides up on myvstomacb (discomfort).

Belts are hard to reach because of where ‘they are- 1nsta11ed (1ncon-
venience) ' : :

Belt adjustment devices are awkward to manipulate (inconvenience)

‘When the shoulder harness is fastened to thevlapfbelt_and becomes

twisted, I cannot figure how to untangle the belts (confusion)

o w B . . ) ) K

:35.9
'33.3

31.3
31.3
125.0
- 23.5

'f18.8

" No
64.3
66.7

68.7 -

68.7

71.4

175.0

76.5

81.2

85.7
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Table 10 (Continued)

I cannot reach dashboard controls when shoulder harness 1S‘
secured (1nconven1ence) :

The lap belt tends to tlghten up too much as I drlve
along (dlscomfort) : o

Shoulder harness falls off my shoulder (discomfort)

- Shoulder harness cuts across my neck.(discomfort),
‘The shoulder harness webbing seems to be too stiff (discomfort)

- Cannot tell where to insert belt into the buckle'(confusion)‘

Cannot be sure how to pull lap belt so. the retractor w111 not
lock too soon (confusion) :

The buckle or adJustlng-hardware‘seems too heavyd(discomfort):
Shoulder harness rides across my face (discomfort’

The shoulder harness seems to have a rough surface (dlscomfort)

- The shoulder harness rests too heav11y on my shoulder (dlscomfort)'

- Yes
. 12.5

- 12.5

7.7

7.1

7.7

6.2

6.7

6.7

Responses (%)
No

- 87.5

87.5

92.3

. 92.9

92.3

93.8

93.3

93.3

1100

100

100

, .
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a number of other difficulties 1dent1f1ed in pre-1974 systems
by the survey have now been partially corrected in the 1974
systems. Thus, seldom do front seat belts become entangled
with one another now, nor is there a problem in adjusting the
length of the belt (although entanglément continues to exist:
in rear seats of 1974 cars). On the other hand 1974 belt
systems occas1onally still ride up on the stomach, and in some
~ bench seat configurations it still is possible to be confused,
~as to which belt attaches to which buckle.

In the sections of thelquestionnaireyihat gave respond-
ents an opportunity to elaborate on observations or make sugges-
tions we found that we had anticipated virtually all the useful
recommendations. One point however is worth repeating. A very
stout and bosomy woman said that it was impossible for her to
put on the shoulder harness since it was not long enough to
j accommodate her dimensions. But because she believed thoroughly
in the effectiveness of shoulder harnesses she had' a webbing
extension specially made and- 1nstalled whlch allowed her to use
the shoulder harxﬁss in her car..

3.4 Phase 111--- Mockup Studies T

In order to be’ able to experlment w1th various seat
belt conflguratlons, modlfylng anchor points or exchanging
components for test subject evaluations, a mockup offered the
~ ideal evaluation situation. ' In the latter part of '1973, but

before the 1974 model automobiles became generally available,
MFI commenced mockup studies that continued for several months,
so that the latter stages of Phase III were carrled out simul-
taneously with the Phase IV New Car Evaluatlon

Avprimary'objective.of the mockup studies was to
develop design criteria for a recommended optimized seat. belt
system, one that eliminated or minimized the principal causes : -
for confusion or 1ack of convenience and comfort:

3.4.1  Equipment
The heart of the mockup system was a seat having the

dimensions shown in Figure 1. Behind and at both sides of the
seat was an adjustable metal framework on which seat belt
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Figure 1 - Mockup Seat With Dimensions
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components such as retractors, belt and hardware components
could be mounted in virtually any position relative to the
seat.

A number of different types of retractors were in-
stalled in the mockup, but most tests were carried out with
the following systems.

One retractor system was used for two purposes, the
first being to check anchor-point positions and belt geometry.
For this purpose the positions of the lap-belt retractor, the
shoulder-harness retractor, and the buckle strap could be ad-
justed three-dimensionally. A swivel-mounted webbing guide also
allowed refined adjustments of the approach of the shoulder
harness to the torso.

The point at which the shoulder harness was attached
to the lap belt also was adjustable. This was accomplished by
means of Velcro material which offered substantial resistance
to shear forces yet allowed easy, rapid changes of the juncture
point. A 3-inch strip of male Velcro was sewn on the end of
the shoulder harness, and a 10-inch female strip was sewn on
the end of the lap belt, thereby allowing for considerable flex-~
ibility in positioning the joining point between the shoulder
harness and the lap belt.

The second purpose of the retractor system (including
use of Velcro on the end of the lap belt) involved checking
five different types of buckles mounted in different positions.
Each of the buckles as well as each of their associated latch
plates was attached to a 5-inch strap onto which was sewn a
strip of male Velcro. A strip of female Velcro was sewn to the
"end of the strap of the non-retractor segment of the belt to which
buckles usually are attached. This allowed either a buckle or
a latch plate to be attached to either the retractor segment or
the non-retractor segment of the belt system. Thus, in this
mockup of the driver's position each buckle and latch-plate
configuration could be reversed, the buckle being attached
alternately to the left or right side.

The five different buckle configurations (see Figure
2) were:
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Figure 2 - Five Buckle Designs Compared
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a. Push-button - similar to those currently utilized
on most 1974 American cars.

b. Lift-latch - similar to those used for aircraft
passenger seats.

c. A magnetically locked Lift-Latch, formerly used ;
on Mercedes Benz automobiles. -

d. MFI Squeeze-Latch - a buckle designed by MFI.
The buckle consisted of two prongs that were squeezed together
by means of finger grips on each side of the buckle assembly,
thus allowing the buckle to be removed from a latch plate.

e. Push-Pull (Instinctive) Latch - a buckle used by
several foreign manufacturers. The buckle casing slides back
and forth to operate intermnal latches. When the buckle is
pushed toward the latch plate, the buckle mechanism allows the
two pieces to join and lock. When the buckle cover is pulled
away from the latch plate, the mechanism releases the latch
plate.

A second retractor system was also mounted in the
metal framework for use with the seat. It's function was to
determine the magnitude of force acceptable to subjects in the
pull-out operation of the lap belt and during a "lean-forward"
movement of the test subject's torso against the shoulder harness.
Two simulated retractors consisted of straps mounted on reels

provided with a manually adjustable tension or force regulator.

In conjunction with the mockup study but not actually o
making use of the seat and retractors was another experiment -
designed to determine subjects' preferences with respect to
buckle button size, shape, and release force. Seven different -
‘types of buckles (see Figure 3) were evaluated by subjects
individually while seated in a chair, and compared with the
entire array of buckles presented on a special holding frame.

3.4.2 ‘Test Subjects

A total of 37 test subjects was used in the mockup
studies. For the sake of economy the test subject population
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Figure 3 - Buckle Push-button Evaluation
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purposely was kept small but selectively unique. That is, a
number of "special case'" subjects were selected on the basis
of suspected correlations between their unique characteristics
.and key restraint system or component features in addition to
a randomly-selected number of subjects. Table 11 provides a
breakdown of subject characteristics.

Because all kinds of people with varying infirmities
ride in autos and should therefore be accommodated by a restraint
system, several subjects were selected to demonstrate possible
interactions between typical infirmities and seat-belt fit
and use. Among our subject population were the following:

a. Three subjects with low-to-medium mechanical
aptitude.

b. Two subjects with low I.Q.

c. Two with mild and two with medium-to-severe
arthritic conditions.

d. One with almost complete paralysis of arms and
hands.

e. One with a stiff right knee (so that the leg:
would not bend for entering the back seat).

f. One triple—amputeé (including a right prosthetic
arm) .

g. Two pregnant women (6% months and 9 months).

h. One extremely obese female.

Although this subject sample obviously does not
represent a statistically valid representation of the total
user population with regard to subject responses, it did
provide considerable insight into design-related questions and

user interaction with key belt-system parameters.

Not all test subjects were used in all the tests
carried out in the mockup but rather were selected on the
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‘Table 11 - Some Characteristics Of Test Subjects Participating in Phase III

“Sex

XM AMMIMIMIIZIEMINMNIMEIIMEBIMMZZI I MMAIE

Age
{Yrs.)

Qeight
(Lbs.)

170
180
170

135

80
215
140
180
156
1334
242
170
130
150

96

185
100
225
120
100
165
109

134

160
156
176
150

58

Height

(Ins.)

70%
69%

C 67

.60

76
61
72

“70%
50
60
72
70.
72

C 62

68%
60
73
65
61

,Seatéd_'.'

Height
(Ins.)

35%

. 36%

34
31
27 3/4
37 7/8.
314

. 36%

27 3/4 -

Hip.

Breadth

{Ins,)

‘15%

o 15%

15%
15 3/4

ATk

16
15%
1k
15%
17

14
17%

5%

15% -
12k

14k

15

15.
14%

15 .
16k
15.
16%

16 5/8
14%

13 374

18

18%
12

11k -

14 3/8
11 3/8
10%

15 374

18 3/4°

_Pelvic
Breadth-
(Ins.) "

c13%

11
9%.

13 3/6

11%
10 -

9 1/8
10%
12
12
10
11%

10
11%

9 7/é'

Special Cheractetiatlcs
Miiﬂ arthritic'
Stiff.rlght kneeg .
Severe arthritisv

Arthritic, weak rlght & left thumbs

‘Mild mental retardation

Extreme obesity

‘Mild arthritis, hands only

Equiv. age 12 yr.

Pregnant 6% mo. .

Polio, could not fasten belts without help -

VTriple amputee; ptosthetic right arm to shoulder

'left:hsnd prosthetic, mid forearm (4 yrs)

’ Sevete arthritis, hands

Police - weapons, etc.
.Police ~ weapons, etc.

- No muscle use below shculders. uheelchair

Extreme obesity .
Extreme obesity
Child ) ) .
Child

- Pregnant 9+ months
.. Child . :

Child

eTuUId
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basis'for need for their particular characteristics.
3.4.3 Procedures
‘a. Buckle Configuration Preference Study

With the subJect seated in the mockup, the pos1t10ns

"'-of the retractors,’ webblng guide 'and the point at which the

shoulder harness joins the lap belt were adjusted -until the

most satisfactory belt geometry was attained for each subject.
Such a geometry restlted when the harness crossed the shoulder
midway between the neck and acromlum, pa331ng over the sternum

- midway between the,nlpples and making the junction with the ’

_the latch plate on the left for one series of trlals, and thelrfﬁxEﬁ

lap belt ‘at the inboard pelvic crest. The settings of the belt
system components were marked and recorded for each subJect

' Next the five different buckles were alternately in-

stalled on the system, the buckle positioned on the right and

_positions reversed for another series.

‘ The subject was asked to dom and doff the system with
each configuration several times. He was then asked to rank-
order .the five buckles in their two p031t10ns on the ba81s of

- ease of buckling and unbuckllng

b. Belt Force/Ten81on Study

'The force requlred to pull the lap belt out obv1ously
is important to the user. . However the designer would like to
have sufficient force on the retractor to insure that the belt

system retracts fully each time it is released. Therefore it

is important to know how much force .can be allowed before the
user begins to object. A similar situation exists with regard
to the tension on the shoulder harness. The wearer objects to
heavy tension on the shoulder and across the breast area, but
the designer needs to provide sufficient retraction force to
insure complete retraction of the shoulder harness upon release

~of the belt system.

It is of course more difficult to establish acceptance

limits than it is to determine maximum application limits. Al-
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though a person may be able physically to apply more force,

he or she usually does not consider maximum force an acceptable
imposition, especially for a task that has to be done repeatedly.
Thus the tests conducted required repeated trials so that each
subject could establish in his own mlnd what his acceptance
crlterlon was. ‘

‘Following several crlterlon trlals, each subJect then
was requlred to indicate the maximum force acceptable for ex-
tending the lap belt and for leaning forward against the shoulder
harness. Initial force settings were randomly set on-two simulated
retractors and subsequent to each trial they were adjusted higher
or lower at the subject's request. An unlimited number of trials
was allowed until the subject indicated that the force was set
at the maximum acceptable. . This force was then read and recorded
and the procedure repeated. Three readlngs were taken for both
pull-out and ten31on acceptance forces.

c. Push-button Preference Study"

The subject sat in a chair adJacent to 7. dlfferent
lap belts. These were placed around him one at a time as in an
actual automobile. All belts had the standard push-button buckle,
and the objective of the test was to have the subject. indicate.

‘which buckle buttons require more than an acceptable amount. of

force to actuate the release mechanism. Actuating forces of the
buttons ranged from 2.5 pounds to 9.25 pounds. These were actual,
off-the-shelf buckles. '

Flnally, the subject indicated which of the buckles
he preferred on the basis of the dlstlnctlve shape and size of
its push button. ~

3.4.4 Results

As a result of the data obtained during the belt-
geometry aspect of the mockup study a recommended optimized
belt-system geometry was derived. The dimensions and angles
of this optimized system are indicated in Figure 4.

The mockup study also demonstrated that the range
of variability for the recommended dimensions is too small to
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- Juncture between shoulder
 harness and lap belt (+ 1"
- in all directions) .

"B - Point above occupant's
- shoulder from which shoulder
- harness departs to pass
across the shoulder and chest
(+ %" in all directions)

- C - Angle of seat belt (+ 10°)

- Geometrlc Requlrements for Seat Belt Shoulder Harness .
Assembly and Installation to Insure Proper Fit for.
Passenger Population Ranging From 5% %-tile Female
'Through 95th % 1le Male (Adults)
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accommodate the changes that occur during seat adjustment when
the lap belt anchor points and the shoulder harness guide are
not mounted directly on the seat. Figure 5 illustrates the
changes in belt geometry that occur to a vehicle-anchored
system when the seat is adjusted as opposed to a system wherein
the belt is attached to and travels with the seat.

_ Results of the buckle type and position experiment
were as follows:

a. 14 subjects preferred the push button type buckle
and most preferred that the buckle be on the inboard
belt component. This is the configuration presently
found in American cars of late vintage (which con-
forms to current FMVS standards) and probably re-
flects more experience on the part of the subjects
with this configuration than with the others.

b. 9 subjects preferred the Mercedes type of buckling
system, and more subjects preferred the buckle on the
outboard belt component, which is the position it
occupies in Mercedes vehicles prior to the 1973 buckle
change.

c. 8 subjects preferred the new MFI squeeze-type buckle
which was created specifically for this test. Most
preferred having the buckle on the outboard belt
component (the position for which it was originally
designed).

d. 5 subjects preferred the aircraft type lift-latch,
located on the left outboard belt component, the

position usually found in passenger airliners.

e. No subject seemed to like the instinctive push-pull
type of buckle because it was confusing.

f. Subjects with manual disabilities preferred the
Mercedes buckle because it did not require finger

dexterity or finger strength.

A summary of these results is presented in Table 12.
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SBAT ANCHORED

SEAT ANCHORED

When belts are anchored to seat, optimum fit is retained

NEW ANCHORED Vet ANLHORED

When belts are anchored to vehicle, optimum geometry is
lost as seat is repositioned

Figure 5 - Webbing Geometry Optimization
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Table 12 - Buckle‘Type/Poéition Prefefenée Study

- Type.

Mercedes Lift Latch

QMFI_SqUeéZ§iLatch :

:Aircraft Liftlﬁa£§h  o

Instinctive Push-Pull |

5

4

%Outboard belt | Inboard belt .

7

Either| .

&7
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In the force acceptance study there appeared to be

- no direct correlation between acceptance values and body build,

the females accepting slightly higher forces than the males.
In the case of the lap belt the mean pull force for the males
was 3.1 pounds and for the females 3.2 pounds. The mean
shoulder harness force was 2.9 pounds for the males and 3.3

pounds for the females.

: d;  Push- button Conflguratlon/Force Study

Since push button forces and the size and shape of pushe'

'buttoﬁs vary considerably on seat belts manufactured prior

to 1974, it was important to determine if these factors were .

. important to users.” The results of this preference study are-
-shown in. Table 13. Because it was desirable to use actual .

hardware in the study there was no way to have a continuous.
variation of shape and size of button or an even distribution
of forces for all buttons. However it is felt that the varia-
tions represented by our varied assortment of actual buckles' '

were sufficient to indicate limits for size of button opening

and maximum force that should be designed into button actuatlon.'
In addition other design features that subjects did not like

. were: dlscovered by use of actual hardware.

. The forces covered a range of 2% lbs to 9% lbs. 1Its =
became ‘obvious that except for one or two subjects the higher -
force was undesirable to most subjects. The size parameter
was. less clear although subjects invariably selected larger
buttons when there was a choice within a given shape. The
lowest force received the largest vote. It seems reasonable to
believe, however, that the practical upper force limit is about
4 1bs since the sum of votes for &4 and 4% 1bs was the same as
that glven the two buckles hav1ng the lowest forces.

: It should be noted that an oval- shaped push button
(non-operating mockup) devised by MFI staff members to illustrate
a shape that is considered more compatible with the shape of
‘the human thumb and the size of the larger thumbs that might
be used (including a gloved hand) was included in the test.
Unfortunately it was not possible to evaluate force in con-
junction with this shape and size. The oval shape was preferred

by 6 subjects as compared to 7 for the most preferred shape.
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Table 13 - Push Button Shape/Force Study Results

~ -Shape

‘Size

: Préfereﬁce‘SCbre# F*

4 O 1oo 00 O

1-3/16 in.
1 x 1-1/4_

7/8 x 1

1 x1

1 x1 .

10/16 x 1-3/8

7/8 x 1-1/8 -

6

'  ; F6rce'(1bs)_f

2-1/2
f 3 »
3-1/2

4-1/2

5-1/2

- 9-1/4

*Represents the number of test subjects who indicated. .
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Other important aspects of the button design also were

- noted. Subjects preferred button configurations that possessed

tapered sides to guide the thumb or finger and to prevent them
from becoming caught between the edge of the opening and the
button‘itself.

e.. Other Observatlons

Before the 1974 systems became available thé mockup
study brought to cur attention problems that were to occur in’
these systems. For example in August 1973, with two uniformed
policemen as test subjects, it was observed that durlng doffing -
the shoulder harness would catch on the officers' badges. Sub-
sequently this problem was encountered by a number of’ police _
departments that have purchased 1974 automobiles. It is one .-
of the reasons why the California Highway Patrol is having the
shoulder harnesses. removed from thelr 1974 patrol cars (Anonymous,
1974, p. 32). ST v : : : S

b

. A major result of the mockup studies was the develop-
ment of some criteria for the recommended optimized system.
These criteria included the dimensions indicated in Figure 4,
the requirement for seat-mounted anchor points, and use of the
push button buckle with thé size, shape, and force magnitude : R
to be spec1f1ed in' the Proposed Amendments ‘to the Federal Motor
Vehicle Safety Standard 208 (see Section 4). Recommendations
for retractor forces also are based on mockup study results and
they too are presented in the Proposed FMVS Amendments.

3.5 Phase IV’& New Car Evaluation

As 1974 model automobiles began to become available
a new car survey was initiated. One objective of the Phase IV 7
effort was to provide MFI researchers with the opportunity to
become familiar with the wide range of seat belt systems that 2
conform to 1974 design requirements. Familiarity with these
systems was needed to insure that an extensive variety of
problems that can occur with the latest systems designs would.
be observed. Also, it was expected that some designs might
suggest need for addltlonal design criteria to be added to MFI's
1n1tia1 recommendatlons : :
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A second objective of the new car survey was to
determine if any available automobile had a seat belt system
that closely approximated MFIs' recommended design criteria so
that it might be used, possibly with modifications, as a basis
for comparative evaluations to be made in Phase V, optimized
system tests. | S

3.5.1 ’ProcedufeS'”

The new car restraint systems evaluation was done at
two levels, i.e., at a gross, preliminary level to help select
a reasonable number of vehicle/models for more detailed examin-
ation, and at ‘a detailed level wherein specific cars were examined -
using selected subjects with different characterlstlcs ‘and
taking certaln critical measurements.

. Approximately 60 different cars were examined at the
gross level, Two MFI staff members performed this preliminary.
survey. One of the investigators was fairly large (approx1mate1y
80t percentile male) and the other fairly small (approximately .
5*" percentile female). The purpose of the preliminary survey-
was to isolate those vehicles that would provide distinct dif--
ferences in s12e, interior conflguratlon, variation in restraint
system configuration and mounting, variation in seat and head-'
rest, variations in exterior viewing access, etc. Clearly some
models within a single manufacturer's line were so nearly the
same that detailed evaluation of all similar models would not
have been cost-effective.

Uniformed policemen, obese and physically handicapped
individuals, and others having characteristics that might result:
in difficulties in the use of 1974 seat belt systems were used
as test subjects in selected vehicles, where mockup studies
indicated problems associated with certain vehicle-system
configurations. Numerous photographs were taken of various
subjects in various vehicles to provide photographic records of
special "fit" problems (see Appendix B).

3.5.2 Resulté

Of the apbroximately 60 vehicles examined in the
initial survey 30 were selected for detailed evaluation. These
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included 27 standard systems and 3 experimental passive systems.

Table 14 identifies these cars and gives some of the information

gathered about each one. The first columns provide quantative

data regarding retractor and buckle or latching release forces.

The remaining columns represent the ratings of experimenters

with regard to the various parameters evaluated. These ratlngs

admittedly are subjective and are based on the number and - . . oo
magnitude of the problems associated with a particular aspect' .

of a system. The fewer the difficulties encountered by the -

experimenter, ‘the lower the score. Scores of 1, 2, and 3 were

~ given as three gradations of "good." Scores of 4 5 arnd 6 : : -
were given as three gradations of "average." And scores of

7, 8, and 9 were glven as three gradatlons of "poor."

. It must be kept in mind that these ratings should not
 be con31dered definitive since for the most part they are based
on the observations of one or two individuals in one or two
“vehicles, and differences have been noted between two vehicles
of the same make and model. In deference to the evaluations,
however, by this time our evaluators were extremely well versed
in looklng for and evaluatlng system problems._ .

: Although detailed data obviously are 1mportant in
evaluatlng various systems and vehicles, it is perhaps more:
important. to understand the major deficiencies ‘that occur

most frequently. It appears that basic hardware components

and general system concepts are reasonably satisfactory in most
vehicles. However the specific execution of a concept within
vehicle models often is very poor.. That is, even though a
'parthular model/restraint system has all the basic ingredients
necessaxy- to provide a satisfactory restraint system, such factors;lx
as the layout of anchor points and webbing guides tend to be o
poor on most of the vehlcles examlned

v It is interesting to note that the pr1nc1pal defi-
ciencies usually are the same ones MFI was able to identify
during earlier mockup studies.” Primary among these were:

a. Poor webbing geometry - belts crossing the shoulder
and chest improperly; buckle release position too low and dif-
ficult to get hold of for fastening and unfastening; belt/latch
plate inaccessible for initial donning; etc. -
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Table 14 - Some Characterlstlcs Of 27 Standard 1974 Seat Belt Systems and 3
3 Pass1ve Belt Systems ‘ f
I
[
“e"“““” ‘Buckle .- Belt . Buckle - - - On . Stowed Retrac.
lap Belt Shoulder Harness Button System Button Off - -Dn Inboard - Belt. Buckle Buckie Lock Full
Make Model Tvpc Force - Type' ‘Force Force Force Force shoulder Neck Breast Chafes ‘l‘wis;s Access Access Hating out Retract
' (lbs) _ (1bs) =~ (1bs) o . _
AMC Ambassador . Auto - & Veh 357 3% .6 3. 1 s 8 2 2 2 8 2 5 2
CAMC . Gremlin Auto 3 - Veh 35 sy 2 1 6 8 2 2 . 2 8§ 2 ) 2 :
AMC Matador ©  Auto & Veh 3 R 4 4 1 6. 8 2 .1 2 8 2 5 2
Buick apollo Auto 4 Veh 3.5 I T 5. 1 6 6 1 4 6 6 6 7 '8 )
Buick Electia CAuto. 3.5 Veh. s 4 “ 4 1 s s 3 e 3 .8 6 5 6 .
Buick ‘La Sabre Autér 4 veh - -4 4 4 1 4 8 4 4 3 6 & 4 6 !
Buick opel . veh 2.5 2 3 iy 3 6 ' : 8 1 1 6
Buick Regal Asto © 5 - veh 25 45 4 s 1 6. 1 3 s s 6 YR | 8
Capri L Veh 1.5 5. 4 s ¥t 2 % 2 2 8 5 7 1 8
Chevrolet Lamaro Auto. veh 3 Io ) L4 4 1 6 6 2 2:" 2 2 4 2 2
Chevrolet I;'npala Auto - .Veh 2 4.5 3 L5 -1 3 3 D 2 1 3. 3 S 1
Chevrolet Nova Aito 3.5 . Veh 3 4 73 e -1 s 61 2. 2 6 6 5 8 £
Chevrolet Vega Auto” 4.5 Veh 1.5 w5 3 5 - 1 47 2 8. 9 5 3 8 6 :
patsun 210 web 2 Belt ] 2.5 2 3 6. 1 2 : 3 2
Dodge Caronet Auto 3.5 . Belt 3. 4 2 2 1 6 7 1 4 - 5 & "8 9 7
Fiat - Auto © 3.  Belt 1 6 2 6 8 . 5 2 2 B -
Ford ‘Mustang II ‘ . 5 4 8 « .1 -9 9 s 2 4 9 7 s 3 :
Ford  T-Bird Auto . 3. Veh 2.5 3.5 3 4 . X 5 o4 2 7 2 6 8. 5 2 )
" ‘Honda Civie Web 4 Belt 2 4 3 4 12 7 2 22 5 7 3 2
Mazda =~ RX-4 Veh veh 8 I B | A 4 2 1 4
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21 Mercedes

22 Plymouth  Duster
23 5 Plymouth Valiant
24 Saab
25 Toyota. Corona

: . . Mark II

26 Volkswagen Bug

27 Volvo

'_Auto
Autp

Veh

2.5

Experimental Passive Seat Belt Systems

System Test
Designer Vehicle
28 American Gremlin
. Safety
29 . General Vega
Motors’

30 Volkswagen V.W. Bug

None

Belt
Relt
Belt

Belt -
- Veh

Veh

_-Veh
" Belt

Veh

Table 14 (Continued)

2.5

3.5

2-5

3-6

4.5

(Ene re.)

3.5
6.5 -

“None 4

1Nohe, 5

% Auto = AuLomatic- Belt = Belt-SensiLive, Veh = thlcle Sensitlve.
L0 W Best- 9 = Worst; 1, 2, 3, = Good; 4, 5, 6= Average; 7, 8 9 " Poor.‘”
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Table 14 Supplement: Summary of Seat Belt Systems Evaluatlons

By Automoblle Model

‘.

except those marked PSBS (experimental Passive Seat Belt. System).

2. The above ratings are based on "expert opinions" of MFI staff
during the new car survey, the purpose of which was to identify

appropriate vehicles for the main, optimized system comparison test.

1D . Rating Scale Values’ -

Car Model 0.5 1.0 1.5 5.0 2.5 3.0 3.5 5.0 L,
25 | Corona Mark II . .
28 | Gremlin - PSBS
11 | Impala .
26 | VW Bug '
10 | Camaro .
30 | VW Bug - PSBS
16 | Fiat : -
18 | T=Bird N
21 | Mercedes M
24 | Saab J
7. | Opel =
3 Matador 1
14 | Datsun 210 4
1 Ambassador
2 Gremlin
19 | Honda Civic
20 | Mazda RX-4
22 | Duster
9 Capri '
12 | Nova ¥
6 Le Sabre
4 Apollo 4
15 | Coronet -
29 | Vega - PSBS -
5 Electra l
13 | Vega ot
18 Regal 4
23 | Valiant ~
17 | Mustang IX -
27 | Volvo

Notes: 1. All vehicles contain manufacturers' standard seat belt system
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b. Poor mounting configuration - causing belts to
twist, allowing belts to remain slack and fall out of the door

after dofflng

c. Extraneous interferences - center consoles pré-‘
venting user from getting hold of the buckle, door-mounted.”

‘arm rest designs that precluded gettlng hold of the. stowed

latch plate, etc..
Lod. -Retra_ction 'syst.ems that "'1bck-out‘"' too éas'i:l’}}Q"'

_ Three experlmental pass1ve systems also were’ 1ncluded
in the new car evaluation. An experimental system by Volkswagen :

‘had no lap belt, but had a shoulder harness that was attached

to the upper rear window frame of the door. A single retractor.
mounted between the two front seats allowed the belt to extend
when the door was opened and. to retract around the torso of the
user when the door was closed. In the event,of an accident,

the vehicle-sensitive retractor would lock the shoulder harness,

“and the occupant's knees were supposed to come into contact with.

a crushable panel as a substltute for a lap belt (see Flgure 6).

Safety Equlpment Corporation and the other by General MOtors,

“were also investigated. These systems were similar to each

other and since they were used in Phase V they are described

in Sections 3.6.1.4 and 3.6.1.5 (see Figure 7). A common

characteristic among these passive systems was the necessary
attachment of the shoulder harness to the upper rear window frame

- of the door and the use of a single retractor between the seats.
'This condltlon caused a major problem common to all three systems,

viz., there was considerable chafing between the shoulder harness
and the upper torso of the wearer, and the shoulder-crossing
geometry is entirely dependent on the position of the door post/

-seat position.

“Since the upper segment of the belt was not attached

 to a retractor it remained stationary and did not move with

the upper torso when the wearer moved or turned in his seat.
The resulting abrasion was 1mmed1ately noted as belng extremely

'dlsturblng
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VW Exp BeLr

Figure 6 - VW Experimental Passive
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Figure 7 - American Safety and General Motors
Experimental, Semi-Passive Systems
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As already indicated the primary objectives of the
new car survey were to familiarize MFI researchers with the
various systems, to allow them to note special problems, to
identify good or poor systems, and to search for a system that
approximated the recommended criteria. Each of these objectives
was httained. ' I

: A number of special problems encountered by people
havlng certain unusual characteristics first noted in the

- mockup also were found to occur in the majority of the 1974

-vehicles. Those of special importance will be described in the
sections of this report relating to Phase V, the optimized systems
test. - However one of these is worthy of a comment here.

The pollce department of a community in San Diego
'County acquired 1974 Coronets as patrol cars. The Chief of
‘Police and several of his men had complained to us about pro-
~ blems they were encountering with the use of the seat belt sys-
tem.  Once, on exiting rapidly from a vehicle an officer's gun
had caught in the belt and was extracted from the holster
- unbeknownst to him. Another officer's mace container became
caught in the shoulder harness, causing him to be twisted
‘around and to fall during a rapid egress. Another patrolman
complained of catching his arm in the retracted belt every time
he exited. Still another officer objected to the fact that the
belt prevented him from drawing his weapon from its split-front
‘holster while riding in the car. All of the patrolmen had ex-
perienced 1nadvertent retractor lock-out repeatedly during
donning.:

During a demonstration for MFI researchers an officer
failed in his attempts to simulate an emergency start since
he could not don the system rapidly. This was due to the fact
that the Coronet system employs an automatic retractor for the
lap belt and a belt-sensitive retractor for the shoulder harness.
Because of their manner of functioning, both retractors can
‘become locked, especially when a hurried attempt is made to don
them, 'and this can result in a situation that requires con-
siderable effort to unlock them. With the ignition interlock
system preventing the officer from starting the car the im-
portance df retractor types was emphasized.
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Because of this incident and a number of other ob-
servations made during the new car survey a special investi-

gation into the operation of retractors used in 1974 systems was

carried out. For the front outboard seat positions three basic

types of retractors are in use, viz.: (1) the automatic-locking

retractor; (2) the belt-sensitive emergency-locking retractor,_
and (3) the vehlcle sen31t1ve emergency- 1ock1ng retractor. '

~As a result of the investigation of these three types‘_t

of dev1ces we have concluded that on the basis of comfort and.
convenience the vehicle-sensitive retractor is, best, ‘the belt-
sensitive retractor next best, and the. automatic retractor
ranks third. Following is a discussion of the distinctive
characteristics of each of these three types, their advantages
and dlsadvantages :

- The automatlc retractor system (ARS) employs the
principle of the ratchet. Once the pulling motion is stopped
and ‘the belt allowed to begin retraction, the ratchet operates

' to prevent any further extension of the belt from the retractor.

“ Thus a steady force is required when pulling the belt out from
the retractor until it is extended sufficiently to engage the
"latch plate with the buckle. When released the spring-loaded
reel in the retractor removes any slack in the belt and auto-
‘matically adjusts its length to fit snugly across the user.

There are two principal disadvantages to the auto-

. matic retractor system. First, once the belt has been bUckled\”

it is not possible to adjust the seat position in a forward

~ direction without the beit tightening since its length. is

- fixed by the locked ratchet. Therefore the belt must be un--
buckled and allowed to be fully retracted, after which the
seat may be moved forward; then the belt can be pulled out and
buckled again. ” - : ‘

The second major dlsadvantage of this system is the

necessity for maintaining constant force. on. the belt while it is -

being extended. Any inadvertent slackening in the tension Qf
the belt during extension causes the ratchet.to lock. In order
to release the ratchet mechanism the belt has to be allowed

to go back into the retractor to within an inch or so of full
retraction. Only after this is done can extension of the belt
be attempted again. Many subjects try to pass the latch plate
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. from one hand to the other. In so doing they 1nadvertent1y let
the belt slacken and thus lock-out the belt. :

3 The belt-sensitive retractor system (BSS) senses a
~critical rate of rotation of the reel which it locks. Thus in
the event of a rapid deceleration of the vehicle (as during:
impact in an accident) the occupant is thrust forward, pulling
the belt with him. Under such circumstances the belt is being
pulled . out of the retractor at such a rapid rate that the sensor
causes it to become locked, thereby stopplng the forward move-w:
ment of the user.: :

, The dlsadvantage of this system is that there is a
limitation to how rapidly the belt can be pulled out of the
retractor during domning. If it is pulled out too fast the.
systém will lock. However to unlock the system it is not

‘necessary to allow the belt to retract almost fully, as in.
the automatic system, but rather just a release of the tension
on the belt and a slight retraction will unlock it and allow it
to extend further.

" Another advantage of the belt-sensitive system over
the automatic system is that it is not. necessary to avoid

momentary stoppages or reversals of movement when extending the

belt to keep it from locking. When used for both lap belt and
shoulder harness, and BSS system also allows unlimited forward
adjustment of the seat with the belts buckled. -

The sensors in the vehicle sensitive system (VSS)
respond to the inertial forces of the vehicle itself rather than
to any action of the belt system, as is the case with the belt-
sensitive system.” In the event of a rapid deceleration due to
braking or impact, the sensors cause activation of the locking
mechanism which prevents any extension of the belt, thereby
holding the occupant in place. :

This system has the advantage over both other systems
that no special precautions are necessary to keep the belt
from locking when it is being extended for donning. The belt.
can be pulled out as fast as necessary and can be stopped
1nterm1ttently or reversed w1thout causing the locking mechanism
to activate.
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‘Like the belt-sensitive system but unlike the auto-.

 matic system the vehicle-sensitive. system allows unlimited

forward adjustment of the seat with the belts buckled.

A summary of the advantages and dlsadvantages of the
three types of retractors is given in Table 5. . o

. The three types oflretraetors‘can be installed in
vehicles in various configurations. Two major configuration
categories can be identified, viz., a one-retractor system .

and a two-retractor system. In the case of the latter it is R

useful to consider subcategories identifiable according to

which of the three systems -~ oY comblnatlon of systems -- is

employed

One-retractor systems always are emergeney lbeking
systems because of the requirement. specified in the FMVSS 208
that the torso restraint must employ such a retractor. ' They .

may, however, be either belt-sensitive or vehicle-sensitive.

In our investigation we observed one-belt systems only in cars
of European. manufacture, such as the Volkswagen, Saab and

“Volvo. .

A maJor dlsadvantage of a one-retractor system is
that ‘the latch plate must slide along the belt to the appro- .
priate-positioning for fastening depending on seat position
and user girth, This may require two hands, one for pulling
the belt out of the retractor and the other for sliding the
latch plate along the belt, although with systems in which the.
latch plate slides easily the operation may be accomplished
with one hand. Nevertheless in these systems the latch plate,

- because of its shape, does not tend to act as an aid in almlng

the belt dlrectly at the buckle

On some 1nstallat10ns, a Cllp dev1ce (that looks some-

thing like a comfort clip) can be moved along the belt (by
overcoming more friction than it takes to move the latch plate)
to hold the latch plate at a convenient helght to make the
latch plate accessible when the belt is in stowed condition.

In such a condition the belt is vertlcal .and without such a
clip the latch plate almost always slldes to the bottom of, the.
vertical length of belt, placing it (in most cars) behlnd the
seat near the floor. :
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Table 15 - Disadvantages And Advantages of Three Differenﬁ'Typés of'Actuators

- |Type of Actuator

Disadvantages

‘Advantages

Automatic Locking "

Locks with sllght reverse move-
ment of belt. :

Belt must retract fully to
unlock. '

When actuator does not move w1th
seat, seat cannot be adJusted
forward, :

Tightens on bumpy ride.

Webbing:pullﬁouf rate unlimited.

Belt Sensitive

Webbing pull-out rate limited.

Does not lock with sllght reverse
movement of belt.

Does not have to retract fully to

- unlock.

When actuator does not move with
seat, seat can be adjusted forward.

_ Dpes not tighten on bumpy ride.

Vehicle Sensitive

‘Webbing pull-out rate unlimited.

. Does not lock with slight reverse

movement of belt.

Does not have to retract fully to
unlock.

When actuator does not move with

'seat, seat can be adjusted forward.

Does not tighten on bumpy ride.

BTUIOIIT®D ‘0391 ues

fsainaoe] uep

*oug

LA

T-94 1

86



v e———

T ————— i — e

Man Factors, Inc. 7
San Diego, California

Two-retractor systems of the following types were

observed:
System - 'LaE Belt Shoulder Harness
1 Automatic : : Belt-Sensitive _
2 Automatic - Yehicle-Sensitive::
'3~ Belt-Sensitive = - Belt-Sensitive =
4 o

Vehicle-Sensitive = Vehicle-Sensitive .

S Systems 1 and 2 tend to be used in Amerlcan-made
»vehlcles, systems 3 and ‘4 in. forelgn -made vehicles.

: Systems 1 and 2 have the problems assoclated w1th
the automatic system. With the automatic/belt sensitive system -
it is possible for either or both retractors to becomé locked
~ during the donning process. If the belt- sensitive part of the
'system becomes locked because the shoulder harness was pulled
‘out too fast -- and the lap belt allowed to retract without
‘first unlocklng the shoulder harness by releasing tension in
it -- it is possible for both retractors to become locked w1th
v1rtua11y no slack in the belt system. - This can present a

serious problem in getting the system back into operational
condition since it is very difficult to unlock either retractor,

(This was the 81tuat10n that occurred in the Coronet pollce car. )

Although- both retractors in system 3 can also become
locked during the donning phase, either one will unlock when
tension is released, hence theoretically it -is not p0531b1e
for them to remain locked wh~en they are w1thout slack in the

retracted Cuﬂdltlon.

The vehicle-sensitive part of system 2 cannot lock
during -donning hence inadvertent locking can occur only with
the automatic retractor, which can be unlocked in the usual

manner.

System &4 is essentially trouble-free as far as inad-
vertent locking is concerned. On this basis it should be: rated
“highest in convenlence and lack of confusion.

As a consequence of this investigation another criterion
was added to the recommended system which spe01f1es that such
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“a system should come equipped with vehicle sensitive retractors

for both the lap belt and shoulder harness.

We were fortunate in the new car survey in finding-a-
vehicle that had a system whose features approximated those of
the MFI recommended criteria., The vehicle was the 1974 Toyota
Corona Mark II which has seat-mounted anchor points and two
vehicle-sensitive retractors (see Section 3.6.1l.1 for further
details on this system). This vehicle/restraint system removes
at least two major convenience problems; i.e., inadvertent belt
system lock-out and misfit because of change in seat position.
Its only deficiencies in its production configuration relate.
to the position of the buckle and shoulder harness webbing guide.

3.6 Phase V - Optimized-System Tests

- Findings of the mockup studies of Phase III provided
the design and installation criteria for an optimized seat
belt system (see Figure 4). The findings of the new car eval-
uation of Phase IV indicated to what extent the systems in the
various 1974 model automobiles approximated these criteria '
(see Table 14).

The primary objective of Phase V was to develop an
optimized system designed in accordance with the criteria,
with evaluation of the system being done on the basis of com-
parison with other seat belt systems. Among these other systems
were to be types representative of those currently available
to the car-using public as well as types still undergoing experi-
mental development. ’

3.6.1 Equipment

Seat belt systems installed in six different.auto-
mobiles represented the essential basis on which the testing
was carried out. Each of these systems was assigned an identify-
ing code letter -- A through F (see below). Equipment used in
conjunction with the testing included clip boards and stop

-watches. Motion pictures were taken with a Minolta Autopak -

853 camera and photographs were taken with two Instamatic 40
cameras. Data were recorded on special questionnaire forms
(see Section 3.6.3.1).
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3.6.1.1 System A

The 1974 Toyota Corona Mark II was found to have a
seat-belt system that most nearly approximated the selected
criteria. It was the only system found that had both the torso-
restraint retractor and the buckle mounted directly on the

- 'seat, which of course allowed unimpeded seat adjustment without
- modification of belt geometry.

(5]

Furthermore both retractors in this system were
- vehicle-sensitive so that the inconvenience of inadvertent <
~lockout during donning a33001ated with both the automatic and
belt sensitive retractor was not a problem. Other advantages
of the vehlele sensitive retractor have already been described.

‘However the production installation did not conform.
precisely to the MFI criteria and so some installation modifica-

- tions were made. The buckle strap was extended 3 inches so that
it would p031t10n the juncture of the shoulder harness and the
lap belt to between 6 and 7 inches from the mid-sagital plane.

‘A bracket and new webblng guide was fabricated to cause the -
shoulder harness to approach the occupant's shoulder, as described .

in Section 3.4.4, i.e., the shoulder harness was made ‘to approach

" the shoulder hlgher and further outboard than in the productlon
version. . v

~ The bracket -for holding the harness guide was mounted
on-the outboard headrest support-bar. Although this solution
is not part of MFI's design criteria nor is this method of
p081t10n1ng the shoulder harness the only method to accomplish '
the desired effect this technique was convenient and made no .-
permanent modifications in the vehicle, (allowing it to be ' '
restored to its original condition upon completion of the tests)
In making an integral design for permanent mounting it is likely s
that a number of other techniques could be devised to bring the -
webbing to the. proper position relative to the user including
an integrated seat/headrest guide.

The Toyota lap-belt retractor had a force of 2 1bs.
and the shoulder harness retractor a force of 3 lbs. The buckle-
button release force was 3 lbs., all of which were compatible

with MFI criteria.

- For an illustration of System A, see Figure 8.
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| MFI/Toyota
Bucket Seat
(In Toyota)

Experimental A.S.C.
Sziri-Passive
(In Gremlin)

B

MFI/Toyota
Bench Seat
(In Mercury)

Experimental GMC
Semi-Passive
(In Vega)

C F

Standard GMC Standard-

(In Impala) Single
: Retractor
(In Capri)

Figure 8 - Seat Belt Systems to be Evaluated in MFI Tests
| 67



o AN VRN S N s

RTINS A TN PR e

U - i Ot et

Man Factors, Inc. ‘ MFI 74-108
~San Diego, California

3.6.1.2 System B

~ System A had been designed specifically for a bucket-
seat installation. The question arose as to whether this system,
"which came so close to meeting the recommended criteria, could
be satisfactorily adapted to the more common bench-seat in-
“ stallation. System B established the fact that such an adapta-
tlon could be accomplished successfully. 4

: . System B uslng the same geometrlc criteria used in .
 System A was mounted in a 1966 Mercury Montclair four-door -
.’sedan with bench seats. The framing of the front bench seat
was reinforced and spec1al brackets installed for mountlng the

buckle strap and the 1ap belt retractors.

L o An actual Toyota seat belt system was 1nstalled in
" the Mercury with the buckle- -strap and lap-belt retractor

" mounted on the seat. A spec1a1 sleeve was installed in the .
seat for the buckle strap to pass through. The buckle strap
‘was enclosed in a bendable stiffener that prOJected out of the-
sleeve and held the buckle in an erect but moveable or non-
- rigid position at the same relative location as the ‘buckle in’
System A (see Figure 8 ).

o The shoulder harness retractor was mounted above the

- rear door as in the Toyota. A bracket and webbing guide identical
to that in the Toyota were mounted on the outboard support bar

of a specially fabricated headrest. This bracket held the
shoulder harness in the same position relative to the user as

in the Toyota. '

’The three system-component forces in System B were the
same as in System A, the lap belt retractor exerting 2 lbs., the
'shoulder harness retractor 3 lbs., and the buckle-button 3 lbs.

System B was essentially identical with System A
except for being installed in a bench seat configuration rather
than a bucket seat configuration (see Figure 8 ).
3.6.1.3 System C

System C was the standard seat-belt system that came

installed in a 1974 Chevrolet Impala with bench seats. It came
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equipped with an automatic retractor that exerted 4 lbs. of
force on the lap belt, and a vehicle sensitive retractor that
exerted 2 1lbs. of force on the shoulder harness. The buckle
button release force was 4.5.1bs. SRR

During the new car evaluation of Phase IV the Impala
system was judged to be one of the better systems available in
terms of comfort and convenience. The Impala system was chosen
for inclusion in this test to allow comparisons to be made
between a relatively good commercially available system and MFIs'
optimized systems. 2

3.6.1.4 System D

System D was an experimental semi-passive belt system
designed and fabricated by American Safety Equipment Corporatiom.
The belt was installed in a 1972 Gremlin.

In this system a belt loop is attached to the upper
part of the aft vertical frame of the front door windows adjacent
to the driver and front passenger seats. (The Gremlin is a
two-door car with bucket seats in front. Both front seats
are equipped with a semi-passive belt system). The other end
of this belt loop was attached to the lower rear edge of ths
respective doors.

Between the two bucket seats was mounted the single
retractor for each seat. The belt extending from the retractor
terminated in a slip ring that was free to slide along the
door-mbounted belt loop. That segment of the belt loop below
the slip ring became the lap belt, and the segment above the
slip ring became the shoulder harness when donned.

As can be seen in Figure 8 , with the door open the
belt extending out of the retractor would cross over the seat,
tending to interfere with entry and exit. To prevent this a
hook was provided just below the window at the forward edge of
the door for stowing the belt out of the way: The sliding ring
was equipped with a hoop designed to fit over the stowage hook.
Since belt stowage and unstowage had to be accomplished manually,
technically the system was not fully passive. It was, there-
fore, commonly referred to as a semi-passive system.
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‘ In System D the single vehicle-sensitive retractor
had a retraction force of 2 pounds at the initial point of
withdrawing the belt from the retractor. This force steadily
“increased as belt withdrawal continued until it reached a
maximum of 5 pounds at the point where the belt rlng could be
attached to the stowage hook. :

_ Openlng-the door from the inside by pushing against
the forward end of the armrest required 2 pounds of force when
. the restraint system was not exerting any force against the door.
With the restraint system exerting force against the door in the
unhooked mode the force required to open the door increased.
to 5 pounds. With the belt attached to the hook on the w1ndow
sill a force of 3.5 pounds was required to open the door.

3.6,1.5‘ Systeng :

: System E- (see Figure 8 ) was a semi- pa851ve ‘belt
-system similar in design to System D. ‘System E was a preliminary

- experimental design of General Motors Corp. mounted in-a 1973
Vega. Like the Gremlin the Vega was a two-door model with bucket
seats. And as with System D, System E consisted of a door-
mounted belt loop to which a belt segment from a single retractor
was attached by means of a slip ring. :

The retractor, which in this case was belt-sensitive,
‘was mounted between the seats. A stowage hook was provided
at the front edge of the door just below the window. However
there.was no hoop on the slip ring for stowing the belt on
the hook. Stowage was accomplished merely by placing the webbing
of the retractor belt over the hook. This was the only obvious
difference between Systems D and E in design concept and,
although minor, it did have a noticeable effect on convenience.

In System E the single, belt-sensitive retractor had
- a retraction force of 3 pounds at the initial point of with-
drawing the belt from the retractor. This force steadily in-
creased as belt withdrawal continued until its maximum of 6
pounds occurred at the point where the webbing could be attached
to the stowage hook. '

Opening the door from the inside by pushing against
the forward end of the armrest required 7 pounds of force when
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the restraint system was not exerting any force against the
door. With the restraint system exerting force against the
door in the unhooked mode, the force required to open it was.
8.5 pounds. With the belt attacted to the hook at the front
of the door a force of 10 pounds was required to open the
door.

Both systems D and E were included in‘the Phase V
test because of current official interest in passive systems.

3.6.1.6 System F

System F was a standard seat-belt system that came
installed in a 1974 Capri with bucket seats (see Figure 8 ).
It came equipped with a single vehicle-sensitive retractor
which exerted 3.5 lbs of force. The buckle button release
force was 5 1lbs.

During the new car evaluation portion of Phase IV
the Capri system was judged to be one of the poorer systems
available in terms of comfort and convenience. The Capri
system was chosen for inclusion in this test to allow compari-
sons to be made between a relatively unsatisfactory commer-
cially available system and the recommended optimized systems.

3.6.2 Test Subjects

The question of '"representativeness" was considered
in the selection of test subjects. But what characteristics
are especially representative of potential seat-belt users?
Virtually everyone in the United States either has ridden or
can be expected to ride in an automobile.

Some anthropometric traits such as weight, height,
functional reach, and strength, ithat are often used as test-
subject selection criteria for studies concerned with driver
performance, have no particular relevance for this study which
is concerned not with objectively observable behavior but
rather with evaluations made on such subjectively interpreted
bases as comfort and convenience.

Certain demographic characteristics may, however, be
of more relevance since some studies have shown a correlation

71



B e

Man Factors, Inc. MFI 74-108
San Diego, ,California

between them and seat-belt usage. For example most studies
show age as positively correlated with belt usage, i.e., with
‘less usage among the young. However other studies show no
such correlation, or an inverse one (Fhaner and Hane, 1973,

'pp 31- 32 Robertson, 1974, p. 10).

B Approx1mate1y 32 4% of American drivers are 29 years

of age or younger (National Safety Council, 1973, p. 54). Of

the 24 test subjects that participated in the main test 13,

or 54.2%, were 29 years of age or younger. To the extent

. that theg studies showing a positive correlatlon between age
and. belt usage are correct, our younger sample might include

. a greatér number of non-belt users than the national driver
population. On the other hand our sample is not intended to
limit its representation to drivers but rather extends to all
potential belt users, including the young pre-drivers of whom

there were two in our sample.

Most studies show no significant distinction between
the sexes in belt usage (Fhaner and Hane, 1973, p. 32; Robertson,
1974, p. 10). Nevertheless because males drive more than females
and because in the American driving population males represent
about 56% and females 44% (National Safety Council, 1973, p. 54),
we selected our sample to reflect these differences. Instead
of a sample size of 20 test subjects, as originally planned,
the number of increased to 24, with 14 males representing 58%
and 10 females representing 42%. (Actually there were 26 test
subjects but two of them did not participate in the main test --
only in the ancillary tests of Phase V, as described in Sections

3.6.3.1 and 3.6.3.2.)

_ It was not until data resulting from the Phase V
tests were analyzed that an important distinction between the
sexes emerged. The females were considerably more critical
than the males in their evaluations. This suggests, of course,
that in research involving evaluations based on comfort and
convenience the sex composition of the sample of test subjects

is an important factor.

A number of subjects were selected for traits shown
during the preceding phases to present special problems of com-
fort and convenience in the use of seat belts. Human body size
is one of the most critical characteristics to be taken into
i
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consideration in designing equipment that must fit- properly.

It was therefore of great importance to determine how the various
systems would be evaluated by subjects approaching the ex- :
tremes in body size. The single dimension used was erect seated-
height and the percentile values were those given in Federal
Motor Vehicle Safety Standards 208 and 209. The upper extremity
was represented by a 95 percentile male, whose seated height

was 37.9 inches. The lower adult extremity was represented by ..
a 5% percentile female whose seated height was 31 inches. .

Two children, a male and a female, also were. used
because of their size since both had seated heights several
inches less than that of the 5% percentile adult female. But
size was not the only reason for including children.. Many
people of about their age (11 and 12 years old) are actual
or potential seat-belt users. It is important to know how they:
judge the different systems.

Since another size problem is that of obesity, one
of the subjects specially selected was a 5'3" female who
weighed 215 pounds.

A woman seven months pregnant also was selected be-
cause of the special problem of size and because of possible
heightened sensitivity to discomfort.

Other subjects were selected because of the mobility
limitations imposed on them by physical handicaps, viz.,
arthritic hands, amputated left arm, and quadraplegia. All
these last three subjects were licensed drivers. The quadra-
plegic had limited use of his arms and hands and drove a
vehicle with specifically designed controls.

A uniformed policeman was included because Phases III .

“and IV had brought to light a number of seat-belt usage problems

peculiar to the necessity of wearing police equipment.
Table 16 identifies each test subject by number and
gives the sex, age, weight, #hu:ight, seated height, and cther -

characteristics of the 26 test subJects

SubJects with numbers 1 through 24 part1c1pated in all
aspects of the main test, data from which were used in some
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Table 16 - Some Charac;erlstlcs Of Test SubJects Partlclpatlng in Phase V

_ Seated
Subject Age Weight Height | Height ' ’
Number Sex | (Yrs.)| (Lbs.) § (Ims.) | (Ims.) Other Characterlstlcs
1 F 37 135 .60 31 : 5th %ile,_seated hexght, erect
2 F 73 140 6l 1 31.5 | Arthrltlc Hands _
3 F 19 130 65 34
4 F 35 140 68 | 34.5 . .,];,ix
5 F 12 - 70 59 - 27 ~-Child -
6 F 45 215 63 | 26.5 "~ Obese
7 F 43 -190 67 ©.34.25 Pregnant
8 F 24 | 138 67 | 34 o
9 F 17 © 110 63 32.25
10 F 41 . 135 67 | 35.25-
11 M 49 180 69 | 36.5
12 M 59 170 67 34 o -
13 M 56 T 215 76 -1 37.9 - 95" %ile, 'seated height, erect
14 M 59 180 72 36.5 S ‘ |
15 M 11 80 58. 28.5 Child
16 M 20 165 71 36
17 M 25 165 72 35.13
18 M 26° 185 70 34 i
19 M 23 145 - 65 33,25 -
20 M 22 165 - 65 34,75 |-
21 M 17 . 185 68 | 35.13
22 M 17 170 66 33.75 | | . o
23 M 41 147 71 | 35.25 | Uniformed Policeman-
24 M 22 180 72 36.5 I ' =
25 M Y 180 74 . 36.5 Amputee-left arm
26 M 25 200 - Quadraplegic ‘
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ancillary tests. Several of these 24 subjects also partici-
patel in some oS the special ancillary tests. The participa-
tion of the amputee (Number 25) and the quadraplegic (Number
26) was limited to the ancillary tests only.

About a third of the subjects were acquired through
the cooperation of the State of California Department of Human
Resources Development; another third had been test subjects
in previous phases of this study or other MFI studies; and
the final one-third were selected from various sources for their
unique characteristics.

3.6.3 Procedures

Test subjects were notified in advance when they
were scheduled for testing. Upon their arrival all pertinent
data concerning them were recorded. Height and weight were
taken verbally from the subject but seated height was measured
and recorded.

Subjects were read an explanatory background and
introduction to the tests (see Appendix D) and were then taken
to the vehicles where the test commenced. No explanation of
seat belt system functioning was given before the first trial.
Instead the subject was allowed to try it on his own so that
he could experience the difficulties in learning. If the
problem appeared insuperable, the proper procedure was demon-
strated.

This phase of the research was divided into two major
sets of tests, the main test and ancillary tests.

3.6.3.1 The Main Test

The main test involved 24 test subjects making eval-
uations on six seat-belt systems. Three forms of evaluations
were made, each based on different types of information and
derived through different methods at different stages in the
testing sequence.

The first form of evaluation was carried out by
means of a questionnaire (see Appendix C). After the subject
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had entered the vehicle and donned the seat belt he was asked
the first set of six questions. In this set there is one sub-
set of questions applicable to the standard systems (A, B,

C, and F) and another applicable to the passive systems (D and
E). The evaluation of this set is concerned with the donning
phase, while the two subsets take into account the fact that
operations of the standard and passive systems are fundamentally
distinct from one another during this phase.

Subjects responded to such questions as, "Did you ,
have any difficulty in finding the buckle?" by indicating whether
‘or not they had a problem and, if so, how severe. No problem
was scored as "O". Problems were scored as "1" if minor, "2"
if moderate, and "3" if serious. All 25 questions in the
questionnaire were scored in a similar manner.

. The 11 questions in Set No. 2 were asked after the
~subject had: (1) adjusted the seat to the rearmost, forward,
" and preferred position; (2) reached for the glove compartment.
~and left vent handle (or the emergency brake release); (3) turned
to look toward the left rear; and (4) turned to the right to
look out the rear window. The questions were framed so as
to determine whether or not the seat belts caused the subject
any interference in carrying out these operations (inconvenience),
or whether or not the belts produced any discomfort resulting
from subject's attempts to carry out the operations. All
questions in Set No. 2 were applicable to both the standard
and passive systems. :

The questions in Set No. 3 were asked after the sub-
ject had doffed the belt system. In the case of the passive
system this meant putting the belt in the stowed position on
the hook and opening the door. '

The Set No. 3 questions were concerned with problems
encountered in doffing. The subset for the standard system
had 4 questions, and for the passive system 3 questions.

The two questions in each of the subsets for standard
and passive systems in Set No. 4 were intended to determine if
the seat belt system interfered with egress from the vehicle,
and they were asked just after the subject had made a normal

- exit.
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- After the Set No. 4 questions were administered the
subject reentered the vehicle, this time to make an emergency
exit, i.e., to doff the seat belt system and leave the vehicle
as qulckly as possible. The test began with the subject wearing
the seat belt and with both hands on the steering wheel. ‘At
the command, "go!" timing by a stop-watch commenced and the
subject removed his/her hands from the wheel and began egress.
In the case of the standard seat belt systems the subject
first doffed the system and then opened the door. In the case
of the passive systems the subject opened the door 1mmed1ate1y
without having stowed the belt (on the hook).

Timing continued until subject was out of the vehicle,
clear of the belt-system with both feet on the ground. The
watch was then stopped and the timing read and recorded.

Subject then re-entered the vehicle and was instructed
to attempt an emergency exit from the opposite door (i.e., the
door on the front-seat passenger's side), thereby simulating
a condition in which his own door was jammed shut after an
accident. In most cases subjects were not required to complete
this attempt due to the difficulty of crossing the console in
bucket seat models and also because of the strenuous effort
that would be required by the elderly and handicapped.

The two questions in Set No. 5, applicable to both
the Standard and Passive Systems, were asked after completion
of both emergency exit attempts. The first question was
concerned with difficulties encountered during exit from the
driver's side. The second question asked was "Did you ex-
perience or can you imagine any difficulties in making an
emergency exit from the opposite door?" The word "imagine"
was included to take into account situations in which the
emergency exit was not completed but the subject was capable
of perceiving the nature of the impediments imposed by his
own belt system or that in the right-front passenger's seat.

This completed the questionnaire evaluation of the
first system. The entire procedure was repeated for the second
system and upon completion a pair comparison was made as
follows. The first system evaluated was designated the
"Criterion System." The second system was designated the
"Comparison System." The subject was then asked to indicate
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the appropriate response to the following: Compared with the

Criteribn System (which was identified by the name of the

vehicle in‘Which.it was mounted as well as by its letter code)
the Comparisoh System (similarly identified) is worse, the
SaMe,'or'better. Subject's answer choice was then recorded.

This process was repeated so that after each pair

“of systems had been individually evaluated on specific items

they were ‘then evaluated on a general and comparative basis.

Each subgect made fifteen pair comparisons since, with six

systems involved, there are 15 distinctive pairing possibilities.

An effort was made to avoid biasing the data by learn-
ing and order effects. This was accomplished by insuring that
different subjects did not become exposed to the various
systems in the same sequence.

Table 17 shows the sequence of belt-system pair com-
parisons for the first seven of the 24 subjects. It will be
noted that each of the 15 pairs is comprised of no system from
either the proceding or subsequent pairs so that repetitive
experience with any one system is avoided. Also, the sequence
of systems for each subject is distinctive, thereby reducing
or eliminating any biasing influence of order effects. And
so the process went for the 24 subjects.

When each subject had completed the entire series of
15 pair comparisons, he or she was asked to rank-order the
six systems, giving the best system the first position and the
worst system sixth position, with the rest appropriately ordered
in between.

Having become familiar with the operation of all
systems through evaluating each on specific points, and also
having considered each in a pair comparison five times, the
subject made a final impressionistic evaluation based on all

previous experience.

3.6.3.2 Ancillary Tests
The ancillary tests were designed to initiate prelim-

inary investigations into such questions as: (1) the effects
of various relatively unusual human characteristics (such as
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Table 17 - Example of Belt-System Pair-Comparison
Sequences For First Seven of 24 Subjects

Subject I.D. Number

Belt-System
Pair-Comparison

Sequences

EF
AC
BD
CE

BE
CF
AE

BF .

DE

BC
DF

CD

DB| BE| ED| DF| FE| CE
CA| AD| FA| AB| DC| BD
FE| CE| CB| CD| BA| AC
DC| BD| FD| EF| FD| EF
BA| AC| BA| AC| CB| CD
FD| EF| DC| BD| FA| AB
CB| CcD| FE| CE| ED| DF
FA| AB| cA| AD| FB| BC
ED| DF| DB| BE| EA| AF
FB| BC| EC| CF| FC| DE
EA| AF|{ DA| AE| EB| BF
FC| DE| EB| BF| DA| AE
EB| BF| FC| DE| EC| CF

ECjy CF|] FB| BC CA| AD

Belt-System Letter Code:
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obesity) on the evaluation of the seat belt systems; (2) the
effects of wearing winter clothing (gloves and bulky coat)
on system evaluation; (3) the comparative evaluation of a
magnetic 1lift latch; and (4) the mean time required to doff
each system and make an emergency exit from the vehicle.

It was not intended that these tests should be de-
finitive, but rather that they identify whether these conditions
appeared to have significance to the overall problems of re-
straint system convenience or comfort. Results could also
indicate whether further research might be needed before final
standards are defined. ' :

iy

One part of the first ancillary test did not actually
involve additional testing but rather was based on analysis of
data from main test results (e.g., test subjects having special
characteristics were segregated for individual analysis). The
characteristics involved were: short seated-height (subjects
Nos. 1, 15, and 5); tall seated-height (subject No. 13); obesity
(subject No. 6); pregnant condition (subject No. 7); arthritic
condition in hands (subject No. 2); and a uniformed policeman
(subject No. 23). The short seated-height characteristic was
represented by a male child, a female child, and a 5% percentile
female. The tall seated-height characteristic was represented
by a 95 percentile male. (For anthropometric details see
Table 16).

A uniformed policeman was included since research in
Phases III and IV demonstrated that the uniform and equipment
worn by policemen present special problems. .

In addition to the eight test subjects whose data
were selected from the results of the main test, two other
subjects having special characteristics also made evaluations
of the seat-belt systems. Both subjects were males, one with - .
an amputated left arm, the other a quadraplegic.

The questionnaire was not administered to these two
subjects. They donned and doffed the belt systems and performed
as many simulated driving operations as possible. (Both were
licensed drivers.) The ampitee tried all six systems. But due
to the strenuous effort involved in entry and egress for the
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quadraplegic he tried only four of the six systems. As in -
the main test, after each pair of trials both subjects were
required to make a pair comparison, and upon completlon of
all trials they rank-ordered the systems. ’

The systems were the same as those useéd in the main
test with one exception. In System A the standard push-button
buckle was replaced with the magnetic lift-latch buckle used
in the Phase III tests. This modified System A is identified
as System A-1. ' : :

Four test subjects who previously had participated
in the main test were called back for a test designed to in-
dicate if there might be some effect on evaluations when the
subjects were required to wear winter clothing (in the main test
series all test subjects wore summer clothing).

Test subjects were selected so as to take into
account differences that might occur due to sex and age (e.g.,
two males, one young and one old, and two females, one young
and one old). .

Subjects were not required to respond to the question-
naire, however, they performed all the functions of donning,
seat and control operations, doffing, and exiting performed in
the main test. They also made pair comparisons and did rank
ordering as they had in the main test.

Comparisons by the subjects were made between systems
‘and not between the two conditions of summer and winter cloth-
ing. Thus subjects first proceeded through the entire test
procedure in summer clothing, then repeated the procedure in
winter clothing.

The magnetic lift- -latch formerly used on Mercedes
Benz automobiles also was evaluated separately on a small scale
during the ancillary tests. This was the buckle used in the
Phase III mockup studies, described in Section 3.4.1.

, The main test established the fact that test subjects
considered Systems A and B to be virtually identical by giving
these systems similar ratings. Consequently any single change
introduced ‘into one of these systems should account for the
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consistent preference of one system over the other.

The lift-latch buckle was installed as the only
modification on System A and in this configuration the system
is designated System A-1. It was used in the/spec1a1 Subject-
Characteristics Test and the Summer/Winter Elothlng Test. and
the evaluations it received, compared w1th/those received by

System B, is therefore indlcatlve of subjects' preference
between the 11ft latch and the push- button 1atch

//

As descrlbed in Sectlon 3.6.3.1, test subJects were
réhu1red to make three emergency exits from each of the vehicles
in which the six seat belt systems were installed. For the
purposes of analysis data- -resulting from this test ‘were con-
sidered separate from the main test and were therefore 1ncluded
with the: anc111ary tests. :

A.3;6¢4~1 Phase V Rﬁsults

"The results of Phase' \ testiné will be discussed
under the following categories: S

'1l. The Main Test
a. Queetionnaire e _‘ s
b. 'Paited compatisens; )
c. Rank prdeting | 2,/
2. Anciliafy'Tests
a. Special subject-cheractetistics
b. Summer/winter clothiﬁg
c. Egress timing
3.6.4.1 The Main Test
~a. The Questionnaire

Scores for the three trials on each question and each
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seat-belt system were averaged for each subject. An analysis

of variance of these mean scores (see Appendix E for summary)
showed a highly significant overall difference among the seat-
belt systems. The system by question interaction was also highly
significant, showing that the differences among the systems

were not consistent over all questions. In order to identify

the particular differences producing the overall significance

the system (by question) means were computed as shown in Table 18.
Differences among systems were evaluated for each question

using Tukey's H.S.D. criterion for differences between

pairs of ordered means.* In view of the large number of com-
parisons involved a conservative .0l level of significance was
used. These mean scores also allow the isolation of specific
problems occurring in each system.

In this study a system is considered to have a problem
when the mean score is 1.00 or above since in the questionnaire
"no problem" was indicated by a score of "O", while a problem
was indicated by a sccre of "1" if minor, "2" if moderate, and
‘"3" if serious. We believe this to be a reasonably conservative
interpretation. Certainly scores of less than .50 indicate
that whatever difficulties may have been encountered were not
considered seriously troublesome except possibly to a small
minority. On the other hand it is possible that scores ranging
between .50 and 1.00 reflect at least a minor problem among a
substantial segment of the sample.

Differences between means of these data become signifi-
cant at the .0l level when they are .50 or more, so that a mean

" score of .75 when compared to one of .20 is significantly dif-

ferent and could be interpreted as at least reflecting a problem
from a relative standpoint. And that same score of .75 would
not be significantly different from a problem (by our definition)
which has a score of, say, 1.10.

*Kirk, Roger E. Experimental Design: Procedures for the
Behavioral Sciences. Belmont, Calif., Brooks/Cole Publishing
Company, 1968. PP 88-90 .
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Table 18 - Meams of All Scores For All Subjects' Responses to Each of
25 Questions o ' .
o Set Set
Set No. 1 Set No. 2 " Set No, 3 No. & No. 5
Questions © 12 3 4 S 6.0 1 2 3 4 5 6 -7 8 9 10 M{1 -2 3 4f{.1 211 2
System & | .07 .03 035 0 .06 .35 .04 .10 1.04 0 .11 .35 .03 .07 .14 .33 .064[.06 .OL .35 .08{ .08 O | .3 .25
System B | .03 .04 0 0 .06 .32{ 0 .16 1.02 .01 .19 .31 .21 .19 .06 .26 .0B|.l4 .06 .28 .07| .06 O | .32 .17
System-C | .00 .06 .67 .08 ~.31 .60[1.5! .38 .35 .01 .18 .60 .07 ".61 .19 .38 ..12).07 .43 .30 .13} .56 O | .67 .18
System D 2611 .06 .29 .12 .58| .48 .58 .76 .14 LAk .66 .26 .68 .46 1.03 .76].56 .35 .09 o0 |.e61 .82| .42 2.9
Svstem E | .28 .2% .13 .6l .12 .76} .51 .84 .40 .22 .08-1.20 -.29 1.03 .99 1,39 1.10 | .69 1.22 .25 O | .10 .13] .69 2.48
Svstem B[1.5% 1,34 1,49 .03 .51 1.4711.66- 63 .69 .15 .24 .49 .31 .81 .88 .97. .25|.15. .67 .84 2.58] .37 2.38[1.03 .46
‘3\\\\
N
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Nevertheless, by setting the minimal level for the
indication of a problem expressed in means at 1.00, we believe
that this establishes a magnitude of seriousness high enough
to ensure that the same condition would be interpreted as a
problem by an extremely wide range of U.S. automobile users.

It should be kept in mind that the scores assigned
by the subjects were based solely on their personal inter-
pretations of how various aspects of the system impinged on
them in terms of comfort and convenience. Therefore a mean
score of, say, 1.05 for one question cannot be said to be more
or less important than a score of 1.05 for another question
because one question is concerned with a more important factor
than another in terms of safety or some other "objective"
criterion. ‘

The sole criterion of importance in this study is
the admittedly subjective responses of the test subjects.

The aspect of design with which this study is concerned
is its effect on comfort and convenience. Only a user of a
belt system can make judgments in this area, and such user
judgements are the only basis for our quantitative -data. There-
fore each mean score indicates not only a measurement of a
group evaluation of comfort and convenience but it also rep-
resents the magnitude of importance of the respective item in
the minds of the evaluators.

The problem scores range from 1.02 to 2.90.

Table 19 shows which differences between mean scores
for each seat belt system are or are not significant at the
.01 level for each question, i.e., have or have not at least a
difference of .50, as determined by Tukey's H.S.D. technigque.
Seat belt systems between which mean scores were not signifi-
cantly different have their code letters joined by underlining;
those not so joined differ significantly. Also shown in the
table are those instances in which the mean score indicated
that a problem existed within a particular belt system. Systems
having problems associated with any particular question are
identified by their code letters, enclosed in parentheses
for that question.
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Table 19 - Systems For Which Differences Between Mean Scores
For Each Question Were or Were Not Significant#*

1 of 4 pages

Set No. 1 (Asked after subject donned belt-system)

RE)
(Py

Standard System

Passivé System

1. (S)”Locating'latchpiate
(P) Confusion on getting past
- ‘belt on entry

ABCDE (F)

12. (S) Retrieving latchplate

(P) Interference with entry - ABCDE (F) =
3. (S) Extending webbing' o .

(P) Unhooking webbing aspr C (F)
4, (S) Finding Buckle . '

(P) Harness dragging ABCDEF

across chest

5. (S) Securing buckle . '

(P) Harness missing ABCDEF

: shoulder
6. (S) (P) Straightening ABCDE (F)
- webbiny '
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Table 19 (Continued)

MFI 74-108

2 of 4 pages

Set No. 2 (Asked after subject has adjusted seat, reached for
‘controls, and turned to look rearward)

10.

11.

For both Standard and Passive Systems

Interference with seat
adjustment

Interference with reach

Obstruction of left rear view

Limitation. in turning for
rear window view

Failure of webbing to fit
snugly

Webbing touching neck or
face

Webbing falling off
shoulder

Harness crossing inboard
chest (breast)

Webbing exerting pressure
on shoulder

Webbing chafing across
shoulder

Lap belt riding up on
stomach

BADE (C) (F)

" ABCDEF

———————

CEFD (A) (B)

ABCDEF

ABCDEF

ABCDEF (E)

ABCDEF

ABCDC(E) F

ABCDTFE

ABC (D) (E)F

ABCF D (E)
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Table.l9‘(Continued)

Set No.

1. (S) Locating o
o ;Doffing-belt system_'“v

(P)

2. (8)
'(P)

3 | (S)
(@

ERRON

-LocétingbeCkle  |

Operatlng buckle release
Stowing (hooklng) belt Q?7$

system

Webblng hanging up on

.clothes, etcg,'*

:Webblng dragglng across fvﬂe‘u.,.
' clo hes, etc.Asi S

(P) Retractlon and

stowage complete

3 of 4 pages

3 V(Asked-after subject doffe&'beltvsyStem)'

4  (Askéd after subject had exited from vehicle)

(P} Interference with .

oexit

‘of door .

tens ion

Belt system cIearanCe'; -

(P)

-Hold door agalnst belt

BAEF CD

ABCE D

i
N’

o .

[}
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Table 19 (Continued)
4 of 4 pages

Set No. 5 (Asked after subject completed emergency exit from
adjacent door and toward opposite door)

For both Standard and Passive Systems

1. Emergency exit from driver's ABDCE (F)
door ‘

2. Emergency exit from opposite ABCF (D) (E)
door

*System-identifying letters that are joined by underlining
have mean scores that do not differ significantly; those not
joined do differ significantly. Letters A through F enclosed
in parenthesis indicate systems on which a problem has been
noted.

Legend:
System A - Toyota
System B - Mercury
Syster C - Impala
System D - Gremlin
System E - Vega
System F - Capri
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The table shows that for set No. 1, which was concerned
"with the donning phase, the distinctions are very clear cut.
No problems occurred for any systems except System F. And with
only one exception (i.e., System C in question Number 3), only
System F was significantly different from all others in four
out of six questions. Moreover none of the other systems differ
significantly from each other (w1th the exceptlon of C in , ;
Questlon 3. A v : -

For the other sets the s1gn1f1cance/non-s1gn1f1cance
distinctions are more complicated with overlappings and inde- A
pendent groupings occurring for some questions. It will also
be observed that out of the twenty-five questions, no significant
difference between the means for all six systems occur in five
questions (Set No. 1, Questions Nos. 2 and 3; Set No. 2,
Questions Nos. 4, 5, and 7), With a single exception ("F" in
Set No. 1, Question No. 5) all these means for all systems
in each of the five questions are below 0.50. ‘

But of greater importance to the objectives of this
study were those areas in which problems were identified. All
systems had at least one question for which the mean score
was 1.00 or above, and the total number of problems was 19.

Table 20 identifies each of these 19 problems accord-
ing to the set and question with which it is concerned and
also indicating in which system it occurred. A brief descrip-
tion of the problem and the mean score, which represents the-
magnitude of seriousness assigned to it by the 24 test subjects,
also are given. In addition to the 19 scores that were 1.00
or above, two other scores are shown, viz., 0.99 and 0.97.
These were the only scores occurring in the 0.90's, and though
technlcally not problems by our criteria they were close enough
to at least be considered and so are shown in parentheses.

As noted in Section 3.6.3.1 nine of the 25 questions
had two queries, one directed exclusively at the 4 standard
systems (A, B, C and F) and one directed exclusively at the .
passive systems (D and E). The two queries of each question .
dealt with the same general activity, e.g., donning or dofflng,
but because of fundamental differences between the two types of
system they addressed the characteristics specific to each type.
The other 16 questlons had a single query applicable to both
types of system.
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Table 20

MFI 74-~108

- Problems Identified According to Set Number and
Question Number
0
z
o
. o
o ol
Z 2
72}
9| 3 M
2 & Problem System ean
- Score
1 :
1 Difficulty in Locating latchplate F 1.55
2 Difficulty in retrieving latch F 1.34
plate
3 Difficulty in extending webbing F 1.49
6 Difficulty‘in straightening F 1.47
webbing
2
1 Interference with seat adjustment C 1.51
1 f 11 1" 1 F 1.66
3 Obstruction of left rear view A 1.02
3 n noooon " " B 1.04
6 Webbing touching neck or face E 1.20
8 Harness crossing inboard chest E 1.03
9 Webbing exerting pressure on (E) - (0.99)
shoulder
10 Webbing chafing across shoulderx' D 1.03
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Table 20 (Continued)

o .
Z
o]
- | o
o |-A
A ) )
: (7]
o Q : o . Mean
0 é;_ - Problem . System Score
10 | Webbing chafing across shoulder B 1.39
0 orm (F) (0.97)
1 Lap belt ridiﬁg up on{stqmach o _ E 1. l.lO“
3 :
2% Difficﬁity in,sﬁoWingfbelt system E 1.22
4 | Incomplete retfaotibh ahd stowage | F - 2.58
4
2 |- System not:clear'ofxdoor - - F - 2.38
5
1. Emergency exit from driver's door. F 1.03
2 Emergency exit from opposite door D 2.90
.2 . , " - " n | Ui " E 2.48

*This question from the sub-set applicable exclusively
to passive systems.

Legend: v
System A - Toyota
System B - Mercury
System C - Impala
System D - Gremlin
System E - Vega
System F - Capri
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In no instance was a problem involving both a standard
and a passive system associated with any one of the 9 double
query questions (5 questions in Set No. 1; 3 questions in Set
No. 3; and 1 question in Set No. 4). And in only one instance
was a passive-system problem identified by a double-query question
(Question No. 2, Set No. 3, System E). : '

. In Set No. 3 there are four questions in the subset
for the standard systems and three questions in the subset
for the passive systems. Question No. 4 in the former was,
"Was retraction and stowage complete?" Since in the passive
system stowage was manual and retraction not a problem in
doffing, tl.is question was not asked in reference to the passive
systems. However for the purpose of data analysis a score of
zero, or no-problem, was assigned to the non-existent question.

It is of practical importance to indicate the known
or suspected determinants of each problem, as we will now do
while considering the problems as they were identified by

question-sets and questions within each set, as shown in Table
20.

Notice that the only problems identified in Set No. 1
occur in System F. The problems encountered in System F during
the donning phase (Set No. 1, Questions Nos. 1, 2, 3, and 6)
were due to several factors. First, the single retractor sys-
tem can present problems in location of the latch plate because
it is free to slide along the belt. Second, the location of
the ratractor and the webbing guide placed the belt behind the
seat while in its stowed position, making access difficult.
Third, the retractor had insufficient force, resulting in
incomplete retraction which left the belt and latch plate hang-
ing loose and consequently made them more difficult to locate.

- Interference with the seat adjustment (Set No. 2,
Question No. 1), which occurred in System C, resulted from the
fact that the ratchet in the automatic retractor (mounted sepa-
rately from the seat) locked the lap belt, keeping it from
extending when the seat was moved forward. System F experienced
the same problem but for different reasons. Although it had a
vehicle-~sensitive retractor, the fact that there was but one
" retractor, mounted separately from the seat, resulted in the
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belt tightening from the permanently-anchored (non-retractor)

end as the seat was moved forward. The latch plate that slides
freely along the webbing prior to domning offers considerable
resistance to the webbing sliding through it when the system

is donned. Consequently the seat cannot be moved forward
without the belt tightening uncomfortaktly on the wearer

unless the system is doffed or the latch plate adjusted manually.

Obstruction of the left rear view by the shoulder
harness (Set No. 2, Question No. 3) was a problem only in
Systems A and B. In both systems interference with visibility
resulted from the webbing between the shoulder and retractor
that had been repositioned by the MFI webbing guide mounted on
a special bracket. This guide placed the webbing further out-
board, in the line of sight through thevleft rear-door window.

System E (one of the passive systems) had a problem
w1th the belt impinging against the neck (Set 2, Question 6)
since the location of the upper anchor point (on the door)
was too far aft and the lower loop too low and too far aft.
These same conditions in System E were responsikle for the
problem of the harness across the inboard breast (Set No. 2,
Question No. 8) and the near-problem of webbing exerting pres-
sure on the shoulder (Set No. 2, Question No. 9).

Webbing chafing the shoulder (Set No. 2, Question
No. 10) was a problem with both passive Systems (D and E)
because the single retractor is located toward the lower end
of the belt, i.e., near the pelvic restraint. At the upper
anchor point for the shoulder harness there is no retractor
and consequently no provision for length adjustment. There-
fore forward movement of the upper torso results in abrasion
with the non-moving shoulder harness.

The near-problem of webbing chafing the shoulder
occurred in System F because of the nature of its single-
retractor arrangement. When the torso moves forward, the length
of the lap belt section needs to be extended. And since it is
permanently anchored without a retractor at its outboard end
it takes the additional length of belt from the shoulder harness
through the loop of the latch plate near the pelvis. This

" causes the shoulder harness to move (i.e., chafe) against the
torso.
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System E presented a problem with the belt riding up
on the stomach (Set No. 2, Question No. 11). This situation
tended to occur primarily when the subject leaned forward,
creating a need for a longer shoulder harness which, in this
single retractor passive system, can only be provided by the
lap-belt portion of the single belt segment. Shortening of
the lap belt caused it, and the ring through which it passed
into the shoulder harness (See Figure 9 ), to ride up on the
stomach.

Though generally similar in design to System E this
situation was not registered as a problem for System D (although
the difference between their mean values was not significant).
One apparent contributor to the better performance of System D
was the design feature of a longer shoulder-harness/lap-belt
segment which allows the sliding ring connection to the re-
tractor segment to be further away from the stomach.

In System E subjects indicated that they had con-
siderable difficulty in stowing (i.e., hooking) the belt system
(Set No. 3, Question No. 2, Passive). It will be noted in
Table 18 that no such problem was indicated for the other passive
system, i.e., System D. Indeed, the mean score of System E is
3.5 times greater than that of System D. Though these two
systems were very similar in design and operation it was in
the area of stowage that there was an important, yet very
simple, difference.

- The sliding ring of System D came equipped with a metal
hoop designed to fit over the stowage hook. By grasping the
hoop stowage became an easy one-hand operation. Without such
a hoop in System E stowage was accomplished by placing the
webbing over the hook. This proved confusing because it was
not obvious which segment of the belt went over the hook and
it was difficult because it usually required the use of both
hands to accomplish the hooking act.

The mean scores for these two systems clearly indicate
the favorable effect on the user of a simple inmovation de-
signed specifically to facilitate use of the equipment.

System F had a very serious problem due to incomplete
retraction and stowage (Set No. 3, Question No. 4, Standard).
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Crnerec:n

Figure 9 ~ Slip Ring Discomfort
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The single retractor had insufficient force to overcome the
friction in the system, the consequence of which was virtually
no retraction. This condition resulted in another serious
problem in that when the door was opened after doffing a con-
siderable length of the belt usually fell out of the doorway

(Set No. 4, Question No. 2, Standard; See Figure 10). This
incomplete retraction also was a major factor in the difficulties
experienced in making an emergency exit from'the door on the
driver's side in System F (Set No. 5, Question No. 1).

Having to climb through the belt system of the adja-
cent seat in both passive systems (i.e., D and E) in order to
make an emergency exit from the opposite door (onme the right-
hand or passenger's side) was considered to be of the utmost
seriousness (Set No. 5, Question No. 2). 1In this case the
belt system seemed so formidable to the subjects that it
received the highest score in the study -- 2.90 out of a pos-
sible maximum of 3.00.

Now we will review these data once again. This time,
however, the problems will be considered according to system
rather than according to set or question.

Table 21 identifies all problems according to the
system in which they occurred. Also given in this table is a
description of the problem, its magnitude (i.e., the mean score),
and the set and question in the questionnaire with which it is
associated. From this table it can be seen that there tend to
be two major clusters of scores, viz., those 2.38 and above
and those 1.66 and below. The sizeable difference (0.72) be-
tween these two clusters suggests that the four scores in the
group of 2.38 and above reflect opinions held to a much stronger
degree than those in the other group.

Of greatest concern to the subjects was the difficulty-
(and inconvenience) encountered in attempting an emergency
exit from the door on the side opposite from where the subject
was sitting in the two vehicles in which the passive systems
were installed. Thus, the mean score on this point for System
D is 2.90, and for System E the mean score is 2.48,

System F had both the other scores in this high
cluster, each of which was concerned with problems associated
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Figure 10 - Belt Falling Out Door S

N
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Table 21 - Problems Identified According to System

5
5 D Magnitude
@ o | 0 Problem of Problem
& Sl & (Mean Score)
A 2 3 Obstruction of Left rear view 1.04
B 2 3 Obstruction of left rear view 1.02
C 2 1 Interference with seat adjustment 1.51
D 2 {10 Chafing across shoulder 1.03 P‘\}
5 2 Emergency exit from opposite door 2.90
E 2 6 Rubbing neck or face 1.20
2 8 Pressure on shoulder 1.03
2 9 (Pressure on shoulder) ' (0.99)
2110 Chafing across shoulder _ 1.39
2 |11 Lap belt riding up on stomach 1.10
3 2 Difficulty in stowing system 1.22
5 2 Emergency exit trom opposite door 2.48
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Table 21 (Continued)

MFI 74-108

100

- §
o} b ‘Magnitude
o D 0 Problem of Problem
> 318 (Mean Score)
F 111 Difficulty in locating latchplate 1.55
1 2 Difficulty in retrieving latchplate 1.34
1 3 Difficulty in extending webbing 1.49
1 6 Had to straighten webbing 1.47
2 1 Interference with seat adjustment 1.66
2 {10 (Chafing across shoulder) (0.97)
3| 4 Retraction incomplete 2.58
4 | 2 System not clear of door 2.38
511 Emergency exit from driver's door 1.03 -
L.
Legendt
System A - Toyota
System B - Mercury
System C - Impala
System D - Gremlin
System E - Vega
System F - Capri
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with Whe poor retraction of the belt. The question of incom-
pleteiretractlon and stowage had a mean score of 2,58, while

_the; méaﬂ score for the question concerned with parts of the

bel %Zstem not clearing the door (primarily because of incom-
éttactlon) was 2.38.

Bt . | |
; ‘5*‘2 System F is the only system that has problems in each

of tﬂd fﬁbe $ets of questions representing respectively the

ddnfﬂqg phase {(four problems), the operation phase (one problem
aﬂd‘dqe nEariproblem), the doffing. phase (one problem), the

L ¢xit phade (one problem), and the emergency exit phase
(dn¢!ﬁr¢bl&m§a With a total of eight problems and one near-
pn‘oblehx% System F had the most problems of ‘any of the six.
sYstehmitested ;5 Sy

BUTE R SN LA

SRR Syétem E had slx problems and ‘one near- problem;
Systdm é had ﬂwq problemsg and Systems A, B, and C each had
one problem :

L Solely oﬁ the . ba51s of all the preceding data it
proba’bly would be safe to conclude that the system judged to be

~ best 'by the 24 test subjects was among A, B, and C, and that

the worst system was F. But we can determine with confidence
the rank order of the six systems as judged by the test subjects

on all 25 questions by the mean score for all subjects on all

questions for each system.

. These overall mean scores for each system are presented

~in Figure 11 and Table 22, from which it will be observed that

virtually equivalent to one another and superior to all the
other four systems. Since Systems A and B were ersentially
identical it was expected that their mean scores would be com-
paratively close to one another. However it also was expected
that because the two systems were installed in vehicles of
different"size dnd type -- one having bucket seats and the
other a bench seat ~- these non-seat-belt-system factors might
have an appreciable effect on the evaluations. Actually, how-
ever,' the effect was minimal.

5nﬁ Although the mean score for both systems turned out
to be identlcal ‘there were differences between the two systems
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Table 22 - Mean Scores of All Questions and All SubJects For Each
' System and leferences Between - Systems» : :
System A B c D E F
Mean Score 158 158 | .339 .535 624 877
A 0 L1810 | 377 | .466 .719
ol B 181 | L3717 . 466 .719
) . - .
Hl o C .196 - .285 .538
. e : - R )
- f
= D .084 . 342
2 .
n ) . . )
& E - .253

Note: Significant difference at the .0l level =
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in their respective mean scores for most of the individual
questions, as can be seen in Table 18, There also were dif-
ferences between subjects, as indicated: by differences between -
Systems A and B in their mean scores for females and males
”(shown in Table 26)
' However all the differences were relatlvely minor and
they obviously balanced out so that the overall mean for each =~
5-system -was the same., In any case these results imply consistency
in the testing procedures. They further suggest that the sub-
jects tended to limit their evaluations to the seat-belt sys-
tems, regardless of the variations of the vehicles in whlch they
were 1nsta11ed : .

= Table 22 shows that Systems A and B were considered
significantly superior to all others. In the case of System C
it should be noted that this "significance" of difference is
" technical since the dlfference of .181 between Systems A and B
on the one hand and System C on the other happens to be pre-
cisely the number indicative of significant difference at the:

.01 level as derived by Tukey s H.S.D. technlque (see Appendlx E);fg-,.

' Table 22 also ~shoys that the dlfferences between the
mean of Systems A and B on the one hand and Systems D, E, and F
on the other are all well beyond the statlstlcally-51gn1f1cant
point. Furthermore it shows that all differences between .
Systems C, D, E, and F are statlstlcally significant except
for the dlfference between the two passive systems, D and E.

It'1s clear, then, that.on the basis of overall mean
scores Systems A and B were judged superior to the others.
b. Pair Comparison

The second measurement of the test subject's evaluation
of the seat-belt systems is based on data resulting from the
pair-comparison tests described in Section 3.4.3.1. Figure 12
and Table 23 present a summary of the findings of these tests.

A few examples will demonstrate the meaning of the
table. . T ' o v
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Legend: A - MFI/Toy
B - MFI/Merc
C - GM/Imp
D - AS/Pass
E - GM/Pass
F - Cap
00 - Higher score
9 i judged better
—
580 |
“
o _
4
A 60 -
72}
3 L
5
- 40 |
— -
o
S 20 |
S R N RN R
-

Aac<:—__jl=
System

Figure 12 - Total Number Of Times Each System Was Preferred
In Pair Comparison Tests
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Table 23 - Matrix Showing The Frequency Distribution of
Selections Made Among Six Seat-Belt Systems By
24 Test Subjects in Pair Comparison Tests*

Preferred Systems

A B c D E F
a1 oA 8 3
&
1 B {11(5) 3 1 1
a
o | cl18(3)] 16(5) 3 3 1
()]
1S
1 op |23 | 23| 2001) 5 9
i
B OE[231)| 22¢1)| 19(2) | 12(7) 8
]
§ F |24 23 22(1) | 14(1) | 14(2)
Total
Times
Preferred 99 Q2 67 29 23 19

*Figures in parenthesis indicate the number of
systems were considered to be equivalent, and

the appropriate cells below the diagonal only.

Legend:

System
System
System
System
System
System

MmO oW

Toyota
Mercury
Impala
- Gremlin
- Vega

- Capri
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Each cell shows the number of times the system
identified at the head of the column was preferred over the
system identified at the head of the row. Since the total
number of subjects was 24 and since each one was obliged to
make . one comparison between each pair of systems, the greatest
number of times one system could be preferred over another is
24, This number does occur in the cell that represents the
preference for System A over. System F. Consequently, in the
diagonally opposite cell which represents the preference for:

. or choice of"System F over System A, there is no number;

. _ As another example, in the comparisons between Systems -
A and B, A was preferred 11 times, B eight times, and they were’
‘con51dered equlvalent five times. The total number of tlmes,

or comparisons is, again, 24.

The figures in "Total Times Preferred" show Systems
A and B to be relatively close to one another, both having a .
considerably greater frequency of preference than any of the
other systems. Indeed, in these overall results all the systems
tend to have approximately the same relationship with one
another as occurred in the overall results (overall mean scores)
of the questionnaire, with A and B far in the lead, C in number
3 position, D and E being considerably lower than C, with D
slightly higher than E, and F in the lowest positions.

‘c. Rank Ordering

The third measure of the test subject's evaluation
of the seat-belt systems is based on data resulting from the
subject-ascribed rank order of the six systems, the procedure
for which is described in Section 3.6.3.1.

In Table 24, which gives a frequency distribution of
the highest rank-order positions for each of ‘the six seat-belt
systems, it will be noted that Systems A and B are the only ones
that occur 100 percent of the time among the top three positions.
That is, all test subjects considered these two systems good
enough to qualify them for placement within the upper half of
the rank ordering. And half of the subjects placed System A
in the first position.
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Table 24

MFI 74-108 ...

- Frequency Distribution of Highest Rank-Order
Positions for Each of the Six Seat Belt Systems

. First.
- Position

Second
-Position

- Top. 2
Positions

- -Top 3
Positions

No.| % -

No,"‘ﬁ%‘ 

»No;}_;<% N

‘Sistem'A |

12 | 50.0

5 | . 20.8 |

17 | 70.8

24 "190 1

Syétem B

9l 375 |

12 | 50.0°

21 | 87.5

| 24 10|

_System_C , 

3 12.5

6 | 25.0

9 | 37.5

 .20.;  83;3

‘fSystém}D,f -

|  System E 7_ 

.LsystemlFf

génd:

Le

- System

‘System
 System.
‘System
System

System

HEOOW >

Toyota -
Mercury

TImpalai‘-~ 

Gremlin ’f
Vega
Capri
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In frequency of selection for the highest rank-order
positions the table shows that System C comes third and System
"E last.

In order to get a perspective on the overall results,
with the frequency distribution of the lower half of the rank
ordering as well as the upper half allowed to have its effecLs,
the means of the subject-ascribed ranks for each of the six
seat belt systems were determined. These are shown in Figure 13
and Table 25. It will be observed that the same pattern that
- occurred with the questionnaire mean scores and the pair-comparison

totals appears again. Systems A and B are in the highest posi-
- tions and comparatively close to one another. System C comes
in third position and at a considerable distance from those
that precede and follow it. Systems D and E come next in their
familiar relationship, D being somewhat higher (i.e., in value,
but of course lower in rank order) than E. And again, in last
position, is System F. :

d. Observatitions

The results of Phase III of this study tended to
substantiate the results of Phases I and II. On the basis of
what was learned in Phase I i1t was concluded in Phase II that
the Impala had one of the best crmmercially-available seat-belt
systems, and that the Capri and the Vega systems were among the
worst. The fact that the mean score of System C is close enough
to those of Systems A and B to result in statistical
significance adds support to our Phase II conclusions about’ the
Impala. And the fact that System F (the Capri) was consistently
evaluated as the worst of the six. systems also corroborates
the findings of the earlier phase

_ [

In an earlier pilot test a standard Vega system was
compared with the American Safety experimental passive system
in a Gremlin. In this pilot test the standard 1974 Vega system
was indicated as being comparatively inferior to the passive
systei.

Of the total of 18 subjects used in this pilot test,
3, or 17%, preferred‘the standard Vega system and 15, or 83%,
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~ Legend: ‘A - MFI/TOy _
o B - MFI/Merc -
C - GM/Impl
D - AS/Pass.
E - GM/Pass
F - Cap -
o g _ Lower score =
T judged better
ot
M RV I
&
W 3,'-’
é o
©< 2 r
.8 -~ ~ ~~ ~~ ) ~
[T [en) LN ™~ vy (9] [s.0]
= 1 ~ ~ Vo) ~ o o
- el 2] o] e
] 1 o] N’ St N’

n

b

>
®
0

Restraint System

- Figure 13 - Means of Subject—AscriBed.RanRS'For Each - -
Of The Six Seat-Belt Systems .
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‘fTable.“25~ - Mbans of SubJect -Ascribed Ranks for Each of the
S R Slx Seat-Belt Systems '

| Aseribed

3tﬁSYStem ,Sy5tém3'8ys;em"8ystém»,System' System
. A 1 B | C | D |-E | F

wa‘  ’_-.,ﬂ.. T -
3 . T R | S TRV S :
S| Subjeet- | g9 | 175 | 2.67- | 4.75 | 492 | s.08

| Rank N R |

Legend:
System-
System
System

- System
System
System

Toyota
Mercury
Impala
Gremlin
Vega
Capri

4

mmOOowW®
- i . o
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(G

preferred the American Safety experimental passive system.
S
Subsequently, in the main test we find that subjects
clearly preferred a well-designed standard system (A, B, and C)
to a passive system (D and E). However it also showed that a
~ passive system in the Vega is preferred to a poorly designed

" standard system (F). This latter flndlng is corroborated by '
the results of the pilot test.,'” o SRR

The consistently high ratings for Systems A and B in-
Phase V also substantlate the flndlngs of Phases III and Iv.

Q The only condltlon 1dent1f1ed as a problem for Systems
A and B was the obstructlon of the left rear view by the harness.
In this connection three poirts should be considered. First,
the presence of -the problem was due to our design which was'}’l"
specifically oriented to body geometry and was' not, for this -
prototype model, concerned with rearward visibility. VlSlblllty
obstruction was caused primarily by the webbing that passed
through the MFI holding bracket and continued up to the retractor.
It is probable that our criteria for body geometry can still be
met by a design that eliminates or minimizes the obstructlon,

p0881b1y by a relocation of the retractor.

_ " Second, the use of the side- -view mirror: mormally ,
provides the appropriate visibility in: the area obscured by
. the belt : :

~And third, by our definition this was.jUSt barely a
problem, the mean score belng 1.04 for System A and 1.02 for
System B.

It also should be pointed out that rear viewing from
many vehicles probably is poorer because of body/structure
design than by webbing interference and that drivers can still
see around the webbing by slight head movements more easily -

. than they can see around body structure that currently exists.

In no other instance in Systems A and B was there

even any approximation of a mean score to the point of indicat-
ing a problem, the highest one being 0.36.
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It should be emphasized that the findings of the main

‘test concerning the relative merits of the six systems in terms

of comfort and convenience have been derived not from one test
only but rather from three tests that can be considered essen-
tially independent. Although the same 24 test subjects were

used for all three tests each test was designed to elicit dif-

ferent types of information, by different methods, at different

stages of the testing sequence. Thus the questionnaire re-
quired responses that were concerned with specific items in
each of the systems. The pair comparisons were made after
completlon of the questionnaires for two systems and the subject
was required to make a comparative overall appraisal of these
two systems. The rank ordering was done after the subject:

had completed all questionnaires and pair comparisons, and she

- or he made an impressionistic evaluation based on all the
,precedlng testlng experlence. :

leen the dlstlnctlve condltlons under which each of

 the three tests was administered, the different facets of test
"experlence on which the responses depended and the different
‘extent to which overall impressions formed the basis of the

responses, it is ‘likely that subjects tended to respond to each

test 1ndependently, according to the way they felt at the

moment.

The objective of the main test was to determine

differences in evaluations by a representative sample of test

subjects of comfort and convenience among the six seat-belt

- systems., Differences in evaluations among individual test

subjects or between sub-groups of subjects within the sample
were not included as part of the research effort in the main .
test. Such differences were considered in the ancillary tests,
which compared the effects of such factors as the type of cloth-
ing, body size, and type of physical handicap.

Nevertheless the data of the main test were studied
to see if either sex or age had an influence on evaluations.
No appreciable difference in evaluations was observed between
younger and older subjects, but a marked difference was
exhibited between the sexes. Females were considerably more
critical of all systems than were males. For all systems
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the overall mean score of the females (.536) was over 38 per-
cent higher than the overall mean score of the males (.388).

S F1gure 14 and Table 26 shows the mean score attalned
by each sex for each system. It will be noted that in all cases
the scores of the females are consistently higher than those of
the males by a cons1derable margln." - -

Thls unant1c1pated result may be 1nterpreted as’
meaning females are more sensitive to discomfort and/or dlffer--
ences in anatomy than males, with the female breasts. espec1ally
susceptlble to discomfort problems with the shoulder harness.

In any case it should be noted here that since males and females
in this test sample were in approx1mately the same proportion

as they occur in the national driving population, the differences
between the sexes'as reflected in their evaluations would not
make the overall results unrepresentative of findings to be
expected among the general driving population. On. the'other
hand since there were relatively fewer females in this test’

* than in the U.S. population as a whole, their more critical

point of view may be under-represented for the potentlal car-
user populatloa.

" This sex- correlated difference in evaluatlon w1ll be
considered further in the Conclus1ons and Recommendations

(Section 3ﬁ7)
3.6.4.2 | Ancillary Tests

As described in Section 3.6.3. 2 the ancillary. tests
were de81gned to initiate preliminary .nvestigations into such
questions as: (1) the effects of various relatively unusual
human characteristics (such as obesity} on the evaluation of
the dlfferent seat belt systems; (2) the effects of wearing’
winter. clothlng, i.e., gloves and bulky coat, on system eval-
uation; (3) the comparative evaluation of a magnetic lift-

- latch; and (4) the mean time required to doff each system and
make an emergency exit from the vehlcle.

It was not intended that these tests should be de-

finitive but rather that they should look into the feasibility
of future research in the areas investigated. Therefore any
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Table 26 - Mean Scores Of,Female'and’Malg/%ubjects
For All Questions on Each System
. v

7
/
5

Mean Scores

SYStew : e . Female o f Xf Male
e - N=1:0 "HVZ | N5=f14

:iA f‘ Viff"_j | ”V,i91 | .:gfiﬁ RS e
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e | e S o T
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conclusions drawn from the anc1llary tests must be considered
strictly tentative.

a. Special'Subject-Characteristics

Data from the main test results concerning the elght
test subjects having special characteristics were segregated
for individual analysis Table 27 presents the results of this
investigation, and since the findings are concerned with the
specific problems identified by each of the eight subjects, the
table requires little further comment. However a few general

-observations seem warranted.

Intthe-dOnning phase-(Set No; 1) the policeman and
the obese female experienced the most problems. In the case of
the former, police equipment tends to make donning manipulations

~cumbersome. In the case of the latter the requirement to

reach around a large, rotund form with standard-size arms
results in inadequate capability to extend the hand readily to

.fthe_locatlons of the stowed latch- plate and buckle.

The pregnant female experienced the most problens

: durlng the wearing and driver-operations phase (Set No. 2).

It will also be noted that webbing touching neck or face (Question
No. 6) was identifiel as a problem in all or most vehicles by

all four mature females (including subject No. 2) although the
complalnt was minimal in systems A, B and C. This is prlmarlly
due to the tendency of the snoulder harness to cross over and

~around the inboard side of a full bosom which pulls the upper
~part of the harness further inboard until it contacts the neck
~or face. This condition can become partlcularly promounced

w1th an obese female (see Figure 15).

In the doffing and exiting phases (Sets Nos 3 4,
and 5) the policeman experienced the greatest number of problems,
due primarily to difficulties imposed by his equipment.

In addition to the eight test subjects whose data
were selected from the results of the main test, two other sub-
jects having special characteristics also made evaluations of
the seat-belt systems. Both subjects were males, one with an
amputated left arm, the other a quadraplegic. The amputee tried
all six systems, while the quadraplegic tried only four of the
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Table 27 - Problems Identified by Subjects
Special Characteristics¥* '

' v
. - W
v x 2 -é >
. T gv g < v g.
Subject Characteristics, v 5 =
) ’ ' ' RO B
] TR 7]
E%: 5 3
e § n o ©
Subject I1.D. Number '5°15.1° 13 6
Set'N@. 1
Questions v - RIS © Systems
3 1,'EK§) **ilbcazing latch platé"t » "A
o \ . . s . B
(P) ¥¥ Copfusion on getting past c -
" © ' belt'on entry ) ) ' X
. - E X .
F: X X - X
2. () Retrieving latch plate A
~(P) Interference with éntry . c
N ~ . . D,
‘E .
) F X X X X
3. (8) Extending webbing S A,
(P). Unhooking webbing’ : c’ X
) ’ : ‘D .
" E
o . F X X -X X
. 4. (S) Finding buckle A
T . . . . B
(P) Harnméss dragging across . C : X .
oo chest ) D X o
) E X X
- F
5.7 ¢8) Securing buckle A
o : . B
(P) " Harness missing shoulder c X
) ‘ D
E
F , X.
6. (8) (P)-Stréighteningﬂwébbihg - A
: B
. C C
D X X
E X X X
F X X X
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Table 27 (Continued)
Subject’ 1.D. \urber S 15-1° 13 6 7
Set No. 2 (For both S & P Systems)
) -Qxestgods ' . o o 'Systems .
A C 1. Interference with seat A
L : adjustment ) 8
T : c X X ‘X X X%
D X X X
E X X X X
; . B X X X X X
o, _Interference ‘with reach A v
: . v T B X
c X ,
D o X X
E X X X X
F X X X X
‘3. Obstruction of left .rear view A X . X . X
T o : B . X X X
b - X X
E .
_ F X . X
4. Limitation in turning for . A
) ‘ rear window view o B
. ) X X,
e B X
; F . X
.,‘S. Fatlure of webbing >;o' fit’ A
-stogly ' ' B
C c S
D X X X
E .
) - F X X X
. . 6. Webbing touching neck or /A A X X X
T . face B X X X
- ; C . X X X
D X X X X
E X X X X
. F X X X X
) 7. Webbing falling off shoulder A X
B
¥ c
! D X
E
o F X X
8. Harmess crossing inboard A
: chest (breast) B X.
5 ' . C X X X
D X X X X
E X X X X X
F X X X X
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‘Table 27 (Continued)

. Subject 1.D, Number' - . 5
Questions S Systems
9. ch@lng ¢xert1n§ preésure T A
on shoulder - B
) T e
- D
E
, " DB
',10;]webbing)cﬁafing“qcross A
‘shoulder .° : © B .
Lz . ) i . c )
‘D . - X
B X
L PoX
11. lap belt riding up on . A
stomach _ : B
: ' c
D
)
F
© set.No. 3,
Quéstions e e “Bystems
..fl. - (8) - Lécaiing buckle réléa:e ‘A
: R . B
(P) Doffing belt system c
D .
E X
| ¥
2, (8) Operatiﬁg buckle release A‘
. - ’ . B
(P) Stowing (hpoking) belt c
: system BEET D "X
' '. E X
F ‘X
" 3. (S) Webbing hangit:ng up on A
clothes, etc. : B
c
(P) Webbing dragging across - D
. ¢clothes, etc. E
K F X
4. (S) (P) Retraction and ‘A
stowage complete B
: g c
D
E
F X
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Table 27 (Continued)

)

¢, ’ Subject I.D. Number 5 15 1 13 6
Set No. 4
2
Questions Systems
. 1. (S) (p) Interference with A
exit B
C X
D X X
E
F X X
2. (S) Belt system clearance A
of door B
: [
(P) Holding door against belt D X X
tension E
F X X X X X

Set No. 5 (For both S & P Systems)

Questions Systems
1. Emergency exit from driver's A
door B
C X
D X X X
E X
F X X X X
2. Emergency exit from opposite A X
door B
C
D X X X X X
E X X X X
F X X
- ¥ -
*X = problem = mean score of 1.00 or above
i \ *k(S) = Standard System questions épplicable to systems A, B, C, and F

(P) = Passive System questions applicable to systems D and E
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six systems. After each pair of trials both subjects wers re-
quired to make a pair comparlson, ‘and upon romp1et1on of all
trials they rank-ordered the systems.

The systems were the same as those used in the main
test with one exception. In System A the standard push-button
buckle was replaced with the magnetic lift latch buckle that -
was used. in the Phase I tests (the modifiad System A 1aent1f1ed
as System A=1)

The results of this test are shown in Table 28. - The -
preferences of the amputee appear to conform approximately to
those of the subjects in the main test. However the quadraplegic
rated the passive system as being best. To a considerable
extent this was due to the fact that this system provided him
with. the additional independence of being able to close the

car door by himself by pulling on the b2lt.

b. Qummer/w1nter Clothing

R N

As described in Section 3.6.3.2, 4 subjects participated
in a test designad:to indicate if there might be some effect on
evaluations when tha subjects were required to wear winter
clothing, such as a heavy overcoat and thick gloves.

Th2 seat belt systems were the same as those used in
the main test except for the magnetic lift-latch buckle config-
uration (System A-1).

The subjects did pair comparisons and rank ordering

with the comparisons being made between systems and not between

the two conditions of summer and wintexr clothing.

Results of this test are shown in Table 29 where it
will be noted that in the case of both malas the selsctions
of rank and the number of times preferred ave identical for
both clothing conditions. In the case of the two females,
however, there are important differences. When wearing winter
clothing both passive systems (D and E) are glven more favor-
able evaluations.

As the female test subjects explained, the waaring
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Table 28 - Pair Comparison Preferences and RankVOtdé:
' Selections of Seat-Belt Systems by Two Handicapped
- Subjects : ‘ S

Sex: | Male = | ' Male"

SEREH I | Handicapﬁ' -Amﬁutated Left Arm| Qﬁadrapiégic
Subjeéct I.D. Number: | - 25 | 26

" Preferred .
Preferred

Rank
Timééj
Rank
Times

>

1
—
e
W
N
N

D S - o 5 .2 : ' 1 -3

E o - 4 0 Not Tested

Fo e |1 .~ Not Tested

~Legend: . A
System A-1 - Toyota w/Mercedes Latch

g - Merc ' ' I

- Imp

Grem

- Vega

- Cap

mmooOow
!
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Table 29 - Pair Comparison Preferences and Rank
Order Selections of Six Seat Belt Systems
By Four Subjects Wearing Summer and Winter

Clothing '
Sex: Male Female
Age : 17 yrs. 56 yrs. 17 yrs. 73 yrs. -
. Weight: 185 1bs.| 215 lbs. | 110 lbs. | 140 lbs.
Subject I.D. Number| 21 13 9 2
3 3 3 3.
_ H H : ¥ v
- w0 | w O |l wg w9
o A ES 2 ES | 2| E8 | 2 B
system|Clothing | & |4 | 8|48 | & |8k | & |24
Al | Summer 2|4 | 3] 3 | 3] 3 5 2
Winter - 2 4 3 3 3 3 5 1
B Summer 1| 5 2 4 1 5 1} 4
Winter 1 5 . 2 4 4 2 3 3
c Summer 5 1 | 1 5 2 3 31 3
-7 |Winter 5 |1 1 5 5 1 4 | 1
D Summer 3 3 5 1 4 2 2|1 4
.7 - |Winter - 3.1 3 5 1 1 5 11 5
e Summer 4 | 2 41 2 51 1 4| 1
| Winter 4 2 4 2 2 4 2 4
F Summer 6 | 0 6| 0 6| O 6] 0
Winter 6 | 0 6| 0 6| 0 6| 1
Legend:
System A-1 - Toyota w/Mercedes Latch
B - Merc
C - Imp
D - Grem
E - Vega
F - Cap
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of a bulky coat over a full bosom introduced greater interierence
to visual access to the buckle and the stowed iatch plate: -This
coupled with the impairment of tactile SenbltJVlLy by the -
gloves apparently made the use of the passive systems, which
did not require precise visual inputs, preferable.

c. Magnetic Lift-Latch

The magnetic llft latch was evaluated on a sualil
scale durlng the ancillary tests. This buckle was used in the
Phase III mockup studies and is described in Section 3.4.1.

The lift-latch buckle (System A-1) was used in the
special subject-characteristics and the summer/winter clothing
tests (Section 3.6.4.2), The evaluations it received, compared
with those received by System B, are an indication of prefer-
ence between the llft latch and push -button latch.

Table 29 shows that System B is consistently pre-
ferred over System A-1 when summer clothing is worn. Even with
winter clothing three of .the four test subjects continued to
prefer System B. - : : '

: Table 28 shows that the amputee preferred System B
to System A-1 but that the quadraplegic preferred System A-1
to System B.

d. Egress Timing

During the conduct of the main test, test subjects
were required to make three emergency exits from each of the
vehicles in which the six seat belt systems were installed.
As described in Section 3.6.3.1, these emergency exits were
timed. Results of this test are of limited value because the
various vehicle configurations (e.g., door size, and relative
position of seat and steering wheel and door) undoubtedly had
an effect on egress timing. However it was not possible to
make a comparative test of all six systems without the subject
exiting from the vehicle since, with the passive systems, in
an emergency condition doffing and-exiting are the saie.
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- The three trials in each system did not occur one

immediately after another. They were conducted during the first

three of the five questionnaire trials in each system.

_ Results of the t1m1ng tests are shown in Table 30
There appears to be no general 1mprovement w1th experlence

S from Trial 1 to. Tr1a1 3.

: Males are consistently faster than. females except in
the case of the paSS1ve systems (D and E)

L The fact that System F had the longest times is
con51stent with the many problems 1dent1f1ed in this system by
test’ subJects.. . :

: : Further 1nterpretat1on of these data would be’ strlctly
speculatlve. : , v . o v

3.7 ' ConclﬁSiohs‘and‘Recommendations

|  The - study resulted in a number of spec1flc conclu51onsef,
5_concern1ng aspects of seat- belt design and operation that would = -
eliminate or alleviate problems of discomfort and 1nconven1ence.pﬁf

" Those design’ recommendatlons that come under the purview of the:
Federal Motor Vehlcle Safety Standards w111 be presented 1n
»Sectlon 4. :

A number of other conclusions and recommendations . .

“resulting from ‘the observations and analysis made throughout

the five phases of this study are worthy of separate comment.:
A summary of these follows.

a. Automatic 1ockout'retractors on lap belts cause -
- confusion and inconvenience because they lock-out inadvertently.

A vehicle-sensitive system does not, and therefore should remove
a major element of consumer complaints.

b. The buckle pos;tlon as presently located on most
vehlcles is too low and far back maklng it extremely difficult
to locate and secure. It should be raised so that the harness/
belt junction falls approximately coincident with the forward
-crest of the wearer's pelvic bone. Current buckle positions
are especially difficult for certain people (e.g., those who
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Table 30

MFI 74-108

- Mean Times For Doffing Seat Belt and Exiting

From Vehicle
‘ e All
| Females - Males Subjects
N = 10 N = 14 N = 24
. ‘ . (seconds) (éeconds) ‘(seconds)
System A Ist Trial 4.3 3.9 4,1
(Toyota) | 2nd Trial 4,0 3.7 . 3.8
’ 3rd Trial 4.3 3.7 4.0
© All Trials 4.2 3.8 4.0
Y,SYstem B | 1st Trial 4,2 3.7 3.9
(Mercury) | 2nd Trial | 4.0 3.7 3.8
'v 3rd Trial 4.0 - 3.5 3.7
All Trials 401 3.6 3.8
System C | 1lst Trial 4.6 4.5 4.5
(Impala) 2nd Trial 5.1 4.6 4.8
. -1 3rd Trial 5.0 4.6 4.7
All Trials 4.8 4.6 4.7
System'D | 1lst Trial 4.1 4.0 4.1
(Gremlin) | 2nd Trial 3.7 3.7 . 3.7
. 3rd Trial 3.7 4.0 3.9
All Trials 3.9 3.9 3.9
System E | lst Trial 4.3 5.3 4.9
(Vega) 2nd Trial 5.4 4.3 4.7
3rd Trial 4.6 5.3 5.0 -
All Trials 4.7 - 5.0 4.9
System F ist Trial 6.7‘ 4.8 5.6
(Capri) 2nd Trial 6.0 5.6 5.8
' , 3rd Trial 5.3 4.3 4.7
All Trials 6.1 - 4.9 5.4
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are obese or arthritic) to reach and/or manipulate the buckle-
latch plate mating or buckle button operation. Lengthening the
buckle strap and thus improving the harness/belt Juncture position
should remove another major complalnt T v ST

4 c. Very few upper-harness anchor p01nts or webblng-
‘guldes p051t10n the harness to cross the wearer's shoulder i
properly (in most cases they cause the webbing to cross high on .

- the shoulder or directly on the neck). This in turn (coupled

‘with the awkward buckle position) causes the harness to cross = .-
. the chest directly on the inboard breast :area, espec1ally I
annoying ' to women. A properly controlled harness geometry

should remove a third maJor complalnt.

: : - When two buckles are. fastened to the same anchoring
strap (particularly the center and right front positions), there

' 118 frequent - confusion about whlch buckle to couple to. ‘Also,

with this condition people often sit on the buckles and have to
shift around to find their appropriate buckle. Use of inde-
pendent buckle straps and- encodlng of buckles should mlnlmlze
this complalnt. : :

Latch plates generally are too small maklng 1t
dlfflcult for the user to get hold of them and to pull them out
or aim the latch plate tongue at the buckle opening. A latch-
plate large enough to hold" adequately should reduce thlS complalnt.

f. Because most buckles are not p081t10ned high
Venough they are hard to reach, particularly for the infirm. ,
When a center console is involved it is even more difficult to - - =
get hold of the buckle or to get the hand in a position to press:
the push-button with the thumb, By raising the buckle position
and leaving more hand clearance thls complaint should be eliminated r'ﬁ
almost entlrely

Bines

g. Buckle push- button force and webbing pull and
tension forces have, for the most part, tended to fall within .
acceptable limits. However some designs create extra resist-
ance because of stitching that catches on retractor housings
or because of the way in which webbing binds as it goes through
guides. Fabrication quality control will help to eliminate
this problem. :
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’ h. There is a wide variation in where designers
p031t10n belt anchor points (floor and roof) and in many cases
this does not appear to have any structural Justlflcatlon --
especially when similar models have anchor points placed in
more approprlate positions, thus obtalnlng better belt cr0831ng
angles. Another instance of poor design is the webbing guide
posxtlons, A single maker may place a guide properly in one
model because of the particular type of seat installed (i.e.,
the seat back or head rest is sufficiently large to allow the
guide to be far enough outboard), but allow the p051t10n of the

‘guide in another model to be located very poorly -~ just because

of the shape of the seat or head rest. More prec1se p031t10n1ng
will eliminate the fit problems as 1ong as the geometry is- con—
stant throughout seat travel. : ‘

i. There:are several good approaches to clearing -
the way past seat belts for rear-seat entry in two-door models
‘but most cars are not so designed. ' The good designs illustrate
that it is practical to provide a reasonably clear access route.
Some of the better concepts include spring-loaded webbing guides
- that rotate the webbing out of the way, guide hooks on the sides
of folding front-seat backs so that the webbing is pulled for-
ward and partially out of the way for rear-seat entry etc.
However it is concluded that this problem has little if any
belt-use influence and therefore is of secondary importance.

j. Because most systems are anchored to the floor
of the car and use an automatic locking retractor on the lap
belt, people frequently find they camnot adjust the seat forward
to the desired position because the lap belt has locked up.
Although we have long believed that belts should be fastened to
seats rather than to vehicle structure, only one car so far has
‘this type of anchoring system (i.e., the Toyota Mark II). When
belts are anchored to the seat an optimum geometry can be main-
tained no matter where the seat is placed. Even the buckle
position in this vehicle is somewhat higher, making
it easier to manipulate the buckle than in most other vehicles.
Another unique feature of this design is a curved, flexible
buckle strap stiffener that makes the strap and buckle fit ‘the
occupant's hip and thigh more comfortably. This vehicle also
uses vehicle-sensitive, emergency-locking retractors so that
there is no inadvertent lock-out during donning of the belts.
This clearly demonstrates state-of-the-art as well as economic
fea31b111ty : : :
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‘ k. Passive belt systems that have the upper segment
of the shoulder harness attached directly to structure without
a retractor produce unacceptable amounts of abrasion between
the harness and the upper torso of the wearer during torso
movement. We believe this will always produce consumer. com-

plaints regardless' of other favorable features of the pa581ve

belt type system.

l ‘The equlpment worn by police offlcers while on’
duty presents a number of problems in the use of a standard

1974 seat-belt system. Weapons and badges become entangled

in the belt durlng dofflng, at times preventing the officer
from making a rapld exit. Access to ‘weapons 1is sometimes

- restricted while the system is being worn. And dlfflcultles'

in donning can cause a critical delay in an emergency start.
For the time being at least we. do not believe law enforcement
personnel should be requlred to wear seat belts, but should be
allowed to use them as they see fit for a given 31tuat10n.

It ‘is strongly recommended that a study be undertaken

to- determlne the extent and nature of the restrictions in seat-

belt usage 1mposed by police -equipment with the objective of

'-prov1d1ng a basis for the development of an alternate system

designed to accommodate the special pOllce situation.

. m, 'Serendipitously the_present study-developed data
that indicated that the women subjects were considerably more

‘critical from the standpoint of comfort and convenience of all

six belt systems of Phase V than were the male subjects.  Quite
1ndependently another study carrying out research in a related
aréa at the same time as ours arrived at similar conclusions.

" This study showed females with a higher "discomfort index" than-

males, being, respectively, 21.5 and 19.2, which prompted the
conclusion that "females seem to find the 1974 belt system much
less comfortable" than do males (McDonnell Douglas Automation

Company, 1974, p. 25).

In Section 3.6.4.1 of this report we had tentatively
suggested that "this unant1c1pated result might be attributed
to the females being more sensitive to discomfort and/or to
dlfferences in anatomy, with the female breasts especially
susceptible to discomfort problems with the shoulder harness.™
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The McDonnell report, however, suggests that this may be due in
part to the fact that shorter people also find the seat belt
system less comfortable (McDonmell Douglas Automation Company,
1974, p. 25), and indeed data in the report indicate some
negative correlation between height and discomfort.

In re-analyzing our data we found that this negative
correlation between height and discomfort did not occur with

‘our subjects. Indeed, the situation was quite the opposite

with a positive correlation existing between mean height and
the mean overall score for problems experienced, (see Table 31).

It is recommended that further research be carried
out to determine the basis of this difference between the
sexes in their reported estimates of discomfort, and to seek
further evidence relative to possible correlation between body

“height and discomfort.
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- Mean Scores of'Shortest and Tallest Female:and

Table 31
Male Subjects for all Questions on all Systems
Mean Mean
- Height Score.
(Ins.).
- Shortest 5 61.2 522
Females- o _
(N = 10) Tallest 5 66.8 - .550
Males Shortest 7 65.4 ,361
(N = 14) Tallest 7 72.0 .410
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4.0 PROPOSED MODIFICATIONS TO FEDERAL MOTOR VEHICLE SAFETY
STANDARDS NOS. 208 and 209 |

4.1 | General

One objective of the present study was to develop
suggested modifications for FMVSS 208 and 209 to reflect the
findings of this study.

FMVSS 208 specifies performance requirements for the
protection of vehicle occupants in crashes but it does not
address the comfort-convenience problem. FMVSS 209 on the
other hand specifies assembly-component requirements mostly
in terms of the "job" each element performs, i.e., it does not
address the problem of comfort-convenience.

Results of this study provide a number of'rather clear-
cut performance criteria that relate to how confusing, incon-
venient or uncomfortable a belt system will turn out to be if
it is improperly configured or installed. These criteria have
been interpreted in the following recommended modifications to
FMVSS 208. No modifications are recommended to FMVSS 209 at
this time since it is believed that our suggestions are more
appropriate to the substance and content of 208. However, it
is recommended that those who have the final responsibility for
standards preparation consider the interactions between the
two related standards to determine whether some modification
may be required in both standards.

Note: Proposed modifications are underlined.

Ref: FMVSS No. 208

Par. S7 Seat Belﬁ Assembly Requirements -- Passenger Cars
Par. S7.1 Adjustment.

Par. S7.1.2 The intersection of the upper torso belt with
the lap belt in any Type 2 seat belt assembly furnished in

accordance with S4.1.1 or S4.1.2, with the upper torso manual
adjusting device, if provided, adjusted in accordance with

manufacturer's instructions, shall be at least 6-inches,
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and no more than 7-inches from the front vertical centerline
of a 50 percentile adult male occupant, measured along the
centerline of the lap belt, with the seat back in the manufac-
turers' nominal de31gn rldlng position. :

Par. S7.1.2.l The fully-adjusted torso harness/lap belt assem- .
bly shall be anchored and/or guided in such a manner that the
buckle-release device (e.g., push-button or other operating
element) falls within 5-inches of the juncture between the

torso and lap belt portions of the assembly along the 1nboard
axis of the lap belt (see Figure S7- 1)

Par. $7.1.2.2 The torso harness/lap belt assembly shall,

when the buckle-release device is activated, automatically
retract the assembly so that the torso webbing;lies snugly
alongside and approximately parallel with the long axis of the
seat back edge, and so that the lap belt webbing and latch
plate falls into a position alongside and approximately even
with the depressed surface of the seat cushion. If a door-
mounted armrest is provided, there shall be a minimum of
4-inches clearance between the aftmost edge of the armrest and
the retracted latch plate so that hand access is assured. No
part of the assembly. shall retract to a position wherein it
.caii_become caught by closing the door.

~Par. $7.1.2.3 The retractor force(s) for the torso and lap
belt webbing retraction shall be sufficient to fully retract
both elements to their fully stowed position, but in no case
shall the retraction force exceed 4.0 lbs. When upper and
lower retractors are employed, they shall provide equal retract-
ing force so as to preclude one retractor from pulling the
restraint assembly into other than the optimum, fully- -retracted
position specified above. No webbing folds, rough edges, or
stitching shall cause the webbing to snag or bind, either
during pull-out for donning, or during retraction, which might
prevent complete retraction as required in S7.1.2.2. -

Par. S7.1.2.4 A belt stiffener shall be provided for the
inboard buckle strap to cause the buckle to stand erect and
be readily accessible for donning. The stiffener shall be so
designed that it has sufficient lateral flexibility so that a
passenger passing over it can gain access to a center seat
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Figure S7-1 - Buckle-Latch Plate Relationshib
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position without undue interference or discomfort. The length

of the inboard buckle strap (and stiffener) shall be sufficient
to place the buckle and coupled lap and torso harness juncture

approximately as shown in Figure S7-2.

Par. S7.1.4 The geometric and dimensional criteria for this
standard are shown in Figure S7-2. The seat belt system shall
provide sufficient extension capability to allow a 50 percentile
adult female to reach the following while wearing the restraint
system in the approved manner:

a. From the driver's position -- all driver controls
plus glove compartment latch, nearest ash tray, left
front window-1lift handle, seat-adjust control and
locks on both front doors.

b. Right front passenger's position -- to within 6-inches
of the floor, 10-inches in front of the leading edge of
seat.

Vehicle-sensitive emergency retractors shall be used for both
shoulder harness and seat belt retraction. Both ends of the
seat belt shall be attached to the seat or passed through seat-
mounted guides to prevent change in belt geometry with changes
in seat position.

Par. S7.2 Latch Mechanism and Webbing Characteristics

Par. S7.2.1 Latch Mechanism -- A seat belt assembly installed
in a passenger car shall have a latch mechanism --

(a) Whose components are accessible to a seated occupant
in both the stowed and operation positions;

(b) That releases both the upper torso restraint and
the lap belt simultaneously, if the assembly has an
upper torso restraint that requires unlatching for
release of the occupant;

(c) That releases at a single point by a push button
action;

(d) That is operable by one-hand and/or either hand;
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A - Jﬁncture'between shoulder
' harness and lap belt (+ 1"
in all directions)

B - Point above occupant's
shoulder from which shoulder
harness departs to pass
across the shoulder and chest
(+ 3" in all directions)

C - Angle of seat belt (+ 10°)

Figure S7-2 - Geometric Requirements for Seat Belt-Shoulder Harness

: Assembly and Installation to Insure Proper Fit for
Passenger Population Ranging From 5% %-tile Female
Through 95 %-tile Male (Adults)
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(e) Whose release operation force shall not exceed
4.0 1bs;

(f) Whose release device (push button) is designed to
minimize the probability of inadvertent release.

Par. S7;2.1.lv.Latch-identification shall be readily apparent
‘between adjacent seat position both visually and by feel (e.g.,
color and-size and/or shape'differences)

Par. $7.2.1.2 The size and shape of the latch plate and the
buckle shall be compatible with the gripping characteristics of
a 5% percentile adult female to a 95 percentile male hand (see
Figure S7-3). Push button opening shall be. a minimum of l-inch
by l-inch, and the push button shall be recessed a minimum of
1/32", maximum of 1/8". Sides of the push button opening shall
be tapered and enclosed so that the user's thumb or finger is

. guided easily into thé opening, but cannot become caught betweeh; h:Jf;j_

_the edge of the opening and the push button.

Par. $7.2.1.3 The combined weight of the buckle and latch plate

shall not exceed 8 oz. The buckle and/or latch plate shall
be free of sharp corners, edges or burrs that could puncture

the skin or catch or tear the occupant's clothing. Latch Elate N S

dlmen31ons shall approximate those shown in Figure S7-3.

Par, S7,2.2 Webbing Characteristics

Par. $7.2.2.1 Webbing length shall be in compliance with S7.l.4.

Par. S7.2.2.2 Webbing width shall comply with FMVSS 209, Sf.2.

Par. $7.2.2.3 Webbing color and/or shade shall be visually
differentiable from background upholstery. A clearly-discernible

contrasting color strip shall be imprinted on the reverse side
of the webbing (e.g., side next to user's body) to aid the user
in determining if his or her belts are twisted.

Note: The above related to a standard three-point belt system,
however, geometric criteria also apply to passive belt
systems.
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5.0 - SUMMARY

: A study was undertaken to examlnelthe possible causes
of lack of auto seat belt use because of belt-use confusion,
inconvenience and/or discomfort. Previous user surveys had
indicated that many people give as the reason for mnot using
seat belts the fact that they are too uncomfortable and that
they are difficult to put on and take off. | :

The study con51sted of several phdses 1nclud1ng the
following: * - v . S , |

a. Literature survey to determlnd the state -of- the-
art in seat belt design and why people seem to av01d u51ng
seat belts. :

b. A preliminary user survey to try to ideﬁtify”in
more detail why people find seat belt systems inconvenient
and uncomfortable. o |

c. A new car survey to learn more about how current
seat belt systems are designed and installed and to discover
if there are new developments that mlght be better than the
current state of the art. :

. P 4]

d. A series of laboratory studle; to see if it was.
possible to create a more sultable seat belt system

e.” Based on ‘the laboratory resulds, a. proposed
optimized system was designed and installed in two vehlcles,
one with bucket seats, the other with bench- seats. '

f. The two optimized seat- belted vehicles were
tested, comparing them to four other 1974 cars and ‘their own
restraint systems, to see if the optimized system was judged
by typical users to be more acceptable from the standpoint of
convenience and comfort.

-

5.1 . Conclusions

a. Desigﬁ-related reasons were evident from the
initial analyses, i.e., it was possible to state fairly clearly
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what there is about a seat belt configuration that will causé

~ most people to object to wearing it.

b. - Mockup studies proved ﬁhat'it is possible to design
a practical restraint system configuration that not ‘only will
fit 90 percent of the user population properly but that this
can be done within the present hardware-vehicle state-of-the-’
c. System comparison test%'demonstréted‘tha; the |
proposed optimized restraint system design created during the
mockup studies was significantly favéred by test subjects '
over other vehicle-restraint system %ypical of 1974_autompbilgs.
d. Although the experimental, semi-passive restraint
systems have certain good peints relative to user acceptance,
these still do not.out-rank the proposed optimized system using
a standard three-point system. T S

3

5.2  Recommendations _

)

 Specific .amendments to the'FMVSS 208 should be made
to aid in insuring that automobile manufacturers designiand . -
install restraint systems so that they will fit theé user popula-
tion and operate properly to remove confusion, inconvenience
and discomfourt. R : i ‘ ‘ |

A further recommendation iE that a more comprehensjive

user opinion sampling be taken to support further the opinions
of the subjects used in this study. ' That' is, although the |-
present tests show all subjects decihedly in favor of the
optimized system, the number of subjects is relatively few
with respect to predicting the opinion across the total user
population.. Although the authors feel confident that their
present results_Would'be verified by the larger sampling, .
further confidence may be required by the auto industry before
they will accept the proposed new clauses in FMVSS 208.
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|
5.0 - SUMMARY |

A study was undertaken to examine| the possible causes
of lack of auto seat belt use because of belt-use confusion,
inconvenience and/or discomfort. Previous user surveys had
indicated thdt many people give as the reason for not using
seat belts the fact that they aré too uncomfortable and that X
they are dlfflcult to put on and take off. * . -

3

The study cons1sted of several phases 1nc1ud1ng the
follow1ng - = | . _ )
" a. Literature survey to determlne the state- of the-
art in seat belt design and why people seem to ‘avoid using
seat belts

b, A preliminary user survey to try to 1dent1fy in
more detail why people find seat belt systems 1nconven1ent
and uncomfortable. ! ’

c. ‘A new car survey to learn more about how current
seat belt systems are designed and 1nstalled and to discover
if thére are new developments that. mlght be'better than the
current state-of- the art.

d. A series of laboratory studles to see if it was
'possible to create a more suitable seat belt system.

e. Based on the laboratory results, a proposed
optimized system was designed and installed|in two vehlcles,
one with bucket seats, the other w1th bench seats.

f. The two optimized seat- belted vehlcles were .
tested, comparlng them to four other 1974 cars and their own
restraint systems, to see if the optimized system was judged v
by typlcal users to be more acceptable from the stand001nt of' '
convenience and comfort. .

5.1 Conclusions

a. Design-related reasons were evident from the
initial analyses, i.e., it was possible to state fairly clearly
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what there is about .a seat belt cohfiguration that will cause
most people to object to wearing it.

. b. Mockup studies proved’'that it is possible to design
a practical restraint system configuration that not only will
fit 90 percent of the user population properly but that this
- can be done within the present hardware-vehicle state-of-the-
art. :

c. System comparison tests demonstrated that the
proposed optimized restraint system design created during the
mockup studies was significantly favored by test subjects
over other vehicle-restraint system typical of 1974 automobiles.

d. Although the experimental, semi-passive restraint
systems have certain good points relative to user acceptance,
these still do not out-rank the proposed optimized system using
a standard three-point system.

However, the specific passive systems tested did not
include several other proposed systems, i.e., the systems '
used in the current evaluation were two versions of passive
belt systems available at the time of the test. MFI's
literature review identified numerous other passive systems
(not air bag) that have never been implemented and evaluated.
Due to current interest in the possible favorable reaction
of the public to system that do not require overt effort
in donning it may be unwise to rule out such systems alto-
gether just because two specific samples did .not turn out
to compare favorably with the present, optimized three-point
belt system.

e. A more general conclusion regarding the total study
findings is that it can be observed almost without exception
that auto body style is established with little regard to its
impact or constraint on effective restraint system design and
installation. Because of this restraint systems are viewed
by designers as "add ons", and they are therefore attached
and arranged to fit the car, not the occupants. The errors
are so common that MFI's researchers could tell whether a belt
system was going to fit badly almost immediately by visual
inspection even before trying on the belts. When mistakes

145



Man Factors, Inc. MFI 74-108
San Diego, California

are this apparent one can only conclude that some design
control must be required in order to gain the attention of
designers.

5.2 Recommendations

~a. Specific operational requirements dealing with
belt-type seat restraint system| "fit should be made to FMVSS 208
in order that future seat belts will be more acceptable and
therefore remove excuses for lack of use based on confusion,
inconvenience and discomfort. he recommended amendments pro-
vided in this report should be used as the basis for revising
FMVSS 208. The geometric and dimensional criteria should be
aprplied to any future belt-type systems also, since the factore
that annoy the user relate directly to "fit".

b. It is recommended that other passive (non air bag)
systems be investigated in more detail to determine if an
alternate passive system concept might be acceptable to the
majority of consumers -- in addition to the obvious advantages
MFI found for handicapped people. Such a study should include
the fabrication and evaluation of potentially acceptable system
or systems using the general methodology developed for the
current study.

c. It is recommended that additional study be made
of restraint system requirements for the other occupant positions
where currently there are no upper torso restraint capabilities.
Other eccupants have the same right to protection regardless
of the apathy of some people regarding use of seat belts.
Although the current fit criteria would obviously apply to
other occupant positions and systems, little sincere effort
has been given to this problem, especially in terms of feasi-
bility, practicality and cost.
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6.0 NAMES,‘QUALIFICATIONS & PARTICIPATION OF RESEARCHERS

Bernard F. Pierce, Ph.D. - Program Manager/Principal
Investigator. Dr. Pierce has had nearly 20 years' experience
in the field of physical anthropology and human engineering
research and development. He served as Principal Investigator
for the DOT/NHTSA Contract No. FH-11-7619, "Driver Eye Position

"and Control Reach Anthropometrics." As a Senior Scientist with

Man Factors, Inc., Dr. Pierce directs experiments and studies
related to anthropometrics, performance measurement, bioengineer-
ing and vocational training. Prior to joining MFI he held the
position of Manager, Research and Evaluation, Economic Develop-
ment Operations, Thiokol Chemical Company.

Wesley E. Woodson - Mr. Woodson has worked actively
in the area of human factors engineering, research and develop-
ment for more than twenty years. He is principal author of
the standard work, "Human Engineering Guide for Equipment
Designers," former Head, Human Engineering Group, Human Factors
Division, U.S. Navy Electronics Laboratory, San Diego, and
former Chief of Human Factors Engineering, Life Sciences
Laboratory, General Dynamics' Convair Division.

Peter H. Selby - Responsible for the development of
driver interface priorities and requirements. Mr. Selby's
twenty years' experience in the areas of functional analysis,
task analysis, training and training equipment design make him
eminently well qualified to analyze driver tasks and to derive
training requirements and appropriate methodology. As Flight
Training Supervisor for General Dynamics/Convair for nearly
fifteen years, Mr. Selby directed the transition training of
more than 2,000 pilots and flight engineers, both military and
civilian, in the USA and abroad. He is a specialist in the
area of instructional technology, the development of behavioral
objectives, and is the author of six books in the programmed
instruction format. As Senior Research Engineer with the Life
Sciences Laboratory, General Dynamics/Convair, Mr. Selby was
responsible for research and development in the areas of train-
ing methodology and training equipment technology as they

‘relate to aerospace systems.
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U.S. DEPARTMENT OF TRANSPORTATION
PUBLIC OPINION SURVEY QUESTIONNAIRE

We are trying to learn what you think about the seat belt and
shoulder belt in the car you use most. Your opinion is very
important since you are the user of such equipment, and for
designers to know how to correct problems that annoy users,
or discourage regular use of safety belts, they must learn
how users feel about seat belts and shoulder belts.

Some seat belts and shoulder belts have features that make
tHem unpleasant and/or difficult to use. We are interested
in learning about your experience with the seat belt and/or
shoulder belt system in the car that you most frequently
use as a driver or a passenger.

We are concerned about only three types of difficulties or
unpleasantness associated with the use of seat belts and
shoulder belts, and we would like you to comment on how
these systems cause you: '

1. Confusion, e.g., difficult to understand what connects
to where, etc.

2. Inconvenience, e.g., difficult to reach, to connect, etc.

3. Discomfort, e.g., rubbing, pressing, hurting, etc.

In order for us to be able to benefit most from your opinions,
we must know something about you and the car you are referring
to. So would you please give the following information about
yourself.

Height Weight Age | Sex

Occupation Education

Describe any physical handicaps:




Are you usually the driver or the passenger of the car you

are referring to? Driver ; Passenger

What type of car are you referring to?

Make Model . Year

" What type of seats (in front)? Bench Seat Bucket - Seat

How long have you been using t is car?

Now, would you please tell us what makes the seat belt and
shoulder belt seem confusing tg you by putting .a check in ‘the
"yes" column if you have experienced the problem described,
or by putting a check in the "no" column if you have not
experienced the problem described, and by providing us with
any additional information concerning your experience with
the problem in the "explain" column. | ‘

Problem . {Yes| No Explain

Cannot tell which
belts go together.

Belts get tangled
with other belts.

Cannot tell where
to insert belt

belt or buckle in
the dark.

into the buckle. '- /
Cannot see‘the / .
| | A/Z



Problem . Yes| No Explain

Belt blends into
the upholstry be-
cause they are the
same color.

When the shoulder
belt is fastened

to the lap belt and
becomes twisted, I
cannot figure how tﬂ
untangle the belts.

Cannot be sure
how to pull lap
belt so the re-
tractor will not
lock too soon.

In what other ways are the belts in the car to which you are
referring too complicated or difficult to understand?




Now, please tell us what makes| the seat belt and shoudder
belt inconvenient to you.

Problem Yes| No : Explain -

Belts are hard
to reach because
of where they
are installed.

It takes time
getting belts
properly arranged
for connecting.-

dashboard controls
when shoulder belt
is secured.

Belt adjustment
devices are awkward
to manipulate.-

I cannot reach /

difficult to use, or connect,| or reach, and in what other ways
does the use of the belts interfere with your driving or any
other activities while rldlng in the car?

iﬁ what other Ways are the b}ts in the car you are now using

~4



Now, please tell us what makes the seat belt and shoulder belt
uncomfortable to you.

Problem Yes| No Explain

Shoulder belt rides
across my face.

Shoulder belt cuts
across my neck.

Shoulder belt falls
off my shoulder.

Lap belt rides up
on my stomach.

Shoulder belt
crosses the breast
area so it is
annoying.

The éhoulder belt
rests too heavily
on my shoulder.
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Problem

Yes

No

Explain

The buckle or ad-
justing hardware
seems too heavy.

The lap belt tends
to tighten up too
much as I drive
along.

The shoulder belt
webbing seems to be
too stiff.

The shoulder belt
seems to have a
rough surface.

~Manipulation of
buckle hurts my
fingers and/or
takes too much
force to operate.

In what other ways do the belt
bind, press or rub against you
wise cause you any other disco

s in the car you are now using
too hard, or hurt you, or other-
mfort?

A-6




o

In any cars other than the one you've been referring to, what
other problems have you encountered with seat belts and shoulder
belts in terms of confusion, inconvenience, or discomfort.
Please tell us what kind of car was involved. i

~ Phone’

Please give us your name, address and phone number.

Name

"Address

. Finakiy, please enclose this form in the stamped, self
- addressed envelope we sent you, and mail it back to us.

LS

- Thank ‘you very much for your cooperation.

Man Factors, Inc.
Program Managers
4433 Convoy Street
San Diego, CA 92111
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APPENDIX B

SELECTED PHOTOS OF SEAT RESTRAINT PROBLEMS

The following photographs represent only a
few of the several hundred photos taken during the
study. It should be pointed out that, although a
particular vehicle/system is shown, this does not
necessarily mean that this was the only instance
of the particular problem illustrated. Rather,
the particular photo happened to provide an es-

pecially good view of the particular problem.
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With headrest ra

‘Bow« ApoiLLe

ised to proper posi-

tion, harness rides across subject's

neck and inboard

breast



APPENDIX B

IMPALA

Even the better systems strangle
some users, and it made no dif-
ference in this case whether the
headrest/harness guide was up or
down

IMPALA
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Harness falls off shoulder
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Buitk Reqal

If subject forgets to raise head-
rest, harness pulls down on the
shoulder '
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o -

wstor #/

Webbing does not fully

Console conflicts with
retract

access and manipulation of
buckle
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Cwrr/

Arm rest interferes with access
to latch plate '
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CAmMARA

~

Many systems obviously Some systems made it almost

create problems for impossible to get into the
youngsters such as this back seat
10 year old
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Vevrs ComensT

In this particular model
“ Officers invariably catch
their arm in exiting

B-9

or some other object that
is mounted on their belt
(in this case the MACE)
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The current 3-point system
invariably interferes with
weapon retrieval
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Harness
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restricts reach



TEST SUBJECT , VEHICLE

QUESTIONS FOR EVALUATION OF SEAT BELT SYSTEMS

(0=No Problem; 3=Serious Problem)

Set #1

_ ‘Questions to be asked of subject upon completion
e ' of belt-system donning.

(For Standard Sys tem)

1.

6

.
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L]

Did you have any difficulty in loéating-

the latchplate?

Did you have any difficulty in retrieving

7phe latchplate?

. Did you have any dlfflculty in extending
the webbing?

Did you have any difficulty in finding

the buckle?

. Did you have any difficulty in securing

the buckle?

Did you have to straighten the webbing?

(For Pa851ve System)

DV AR

-Did you experience confusion on how to

get past the webbing upon entering the
vehicle?

Did the belt system interfere with your
entry into the vehlcle or closing the
door? '

Did you have any difficulty'in unhooking
the webbing?



Questions to be asked after subject has: adjusted
seat to rearmost, forward, and preferred positions;

4, Did the harness drag across ‘your chest - o
' (breast)/clothing? 0 1 2 3
5. Did the harness miss your shoulder? 01 2 3
6. Did you have to straighten the webbing? 01 2 3
Set #2

reaches for glove compartment and left vent handle; and

turns to look toward left rear and out of rear w1ndow

(For Standard and Passive Systems)

1.

Did the belt system interfere with the
seat adjustment?

Did the belt system interfere with your
reach to the glove compartment, or with
any controls? *

Did the shoulder harness obstruct your
left rear view?

. Did the shoulder harness limit your

turning to the right to look out the
rear window?

Did the webbing fail to achieve or
retain a snug fit?

Did the webbing lay on or rub against
your neck or face?

Did the webbing fall off your shoulder?

Did the shoulder harness lay across your

breast (or on the inboard side of your
chest)?

Did the webbing exert pressure on your
shoulder?

0 1 2 3
0 1 2 3
0 1 2 3
0 1 2 3
0 1 2 3
0 1 2 3
0 1 2 3
0.1 2 3
0 1 2 3

W



10. Did the webbing chafe across your shoulder? 0 1 2 3

11. Did the lap belt ride up on your stomach? 0 1 2 3

Set #3

) ‘Questions to be asked of subject upon completion of
' belt-system doffing.

(For Standard System)

1. Did you have any difficulty in locating the

" buckle release? ' 0O 1 2 3
2. Did you have any difficulty in operating
‘the buckle release? 0 1 2 3
3. Did the webbing hang up on you, your clothes,
or parts of the vehicle during retraction? 0 1 2 3
4. Was retraction and stowage complete? 0 1 2 3

T A e S Em e R em R (2 M WE GO 7] N R N N e SR Sm R D N EE R T D D D S S s Gp Ee S EE R SR R D G GR GE N R WD MR GD N MR GE AR M W Gn G e G e e R Am e

(For Passive System)

- 1. Did you experience confusion on how to doff

the belt system? : 0O 1 2 3
2. Did you have any difficulty in stowing (i.e.,
o - hooking) the belt system? 0 1 2 3
3. Did the belt drag across your chest
VR (breast)/clothing? 0 1 2 3

Set #4

Questions to be asked after subject has exited
from vehicle.
(For Standard System)

1. Did the belt system interfere with your exit? 0 1 2 3

c-3



2. Wére all parts of the belt system clear.
of the door? 0 1 2 3

(For Passive System)

1. Did the belt system interfere with opening
‘the door or exiting from the vehicle? 01 2.3

2. Did you have to hold the door against the - T :
tens1on of the belt? 0 1 2 3 “

Time required to make emergency exit: seconds i

Set #5

Questions to be asked after subject has completed
emergency exit from adjacent door and begun
emergency exit toward opposite door.

(For Standard and Passive Systems)

1. -Dpid you experience any difficulties in
making an emergency exit from the door
on the driver's side? 0 1 2 3

2. Did you experience or can you imagine any
difficulties in making an emergency exit
from the opposite door? 0 1 2 3

Compared with

The Criterion Car ( ' : ) :
The Compérison Car ( )
is: -

Much Somewhat Slightly Same Slightly  Somewhat Much
‘Worse  Vorse Worse Better Better Better

(EX

3. - 2 0 1 2 3
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V.

" Purpose Of Test

(To Be Read To Test Subjects)

The seat belt system installed in’ vehicles. manufactured
in 1974 has a number of new design features. - Some of these
featﬁres, sﬁch‘aéithe manner in which the belt is buckled and
the way it retracts, were designed to reduce the confusion,
inconvenience, and discomfort that was associated with the use
of seat belts in older model cars.

The purpose of this research prbject is to determine
the extent to which these design objectives have or have not
been achieved. Seat belts must be designed to accommodate the
requirements of all sizes of people, large, medium, or small.
We want to learn what you, a potential user of this system,
think about it.

So, as you put on the seat belt, as you are wearing
it, and as you take it off, please be thinking about any

probiems of confusion, inconvenience, and discomfort you

encounter.

This study is not concerned with any problems involv-
ing the ignition lockout part of the system which prevents
you from starting the engine until you have put on the seat

belt. We are interested only in any problems you may

D-1



experience while putting the seat belt on, while wearing it,
and while taking it off.

Immediately following the test we will askhypu some
questions, and you will beVable to tell us about your observa-.

tions. - : S | . _ : 3

C

R

(4
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sgs-2898 0dO

1-4

Source

Subjects (S)

~Cars (C)

"CxS

Questions (Q)

Q XS

C x Q-

C x‘Q X S .

APPENDIX E - Summary of Analysis of Variance

Degrees of Mean Square F
Freedom '

23 35.85

5 434.33 55.83

115 7.78
2% 66413 w1177
iS5z 5.62 "
BT 42.89 120.33

2760 2.11
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